Transcanal Endoscopic Mastoid Approach 
- A new access for the mastoid cholesteatoma. 


Sheikh Shawkat Kamal 


Transcanal Endoscopic Mastoid Approach 


- A new access for the mastoid cholesteatoma 


Sheikh Shawkat Kamal MBBS, FCPS 
Senior Consultant 
Otolaryngology, Head & Neck Surgery 
Surgiscope Hospital Limited 
Chittagong, Bangladesh. 
General Member, 
International Working Group on Endoscopic Ear Surgery (IWGEES). 


Peer Reviewed, Edited, Self-published, Monograph Book. 
2024, Chittagong, Bangladesh. 


Transcanal Endoscopic Mastoid Approach - A new access for the mastoid cholesteatoma © 2024 by Sheikh 
Shawkat Kamal is licensed under Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 


OOS 


This license requires that re-users give credit to the author. It allows re-users to copy and distribute the 


International. 


material in any medium or format in un-adapted form and for non-commercial purposes only. 


Book Cover by Sheikh Shawkat Kamal. 
Illustrations by Sheikh Shawkat Kamal. 
First Edition, 2024. 

ISBN 978-984-36-0311-1 


Chapter Citation (APA style): 


Kamal, S.S. (2024). Basic Outlines. In N. Akhtar (Ed.), Transcanal Endoscopic Mastoid Approach- A new access for 
the mastoid cholesteatoma (pp. 2-12).Self-published. (ISBN: 978-984-36-0311-1). 


Kamal, S.S. (2024). Landmarks and tools. In N. Akhtar (Ed.), Transcanal Endoscopic Mastoid Approach- A new 
access for the mastoid cholesteatoma (pp. 14-22).Self-published. (ISBN: 978-984-36-03 11-1). 


Kamal, S.S. (2024). The practice of the cadaveric temporal bone. In N. Akhtar (Ed.), Transcanal Endoscopic Mastoid 
Approach- A new access for the mastoid cholesteatoma (pp. 24-39).Self-published. (ISBN: 978-984-36-03 11-1). 


Kamal, S.S. (2024). Transcanal endoscopic mastoid procedures. In N. Akhtar (Ed.), Transcanal Endoscopic Mastoid 
Approach- A new access for the mastoid cholesteatoma (pp. 41-66).Self-published. (ISBN: 978-984-36-03 11-1). 


Kamal, S.S. (2024). Multicentre Experiences. In N. Akhtar (Ed.), Transcanal Endoscopic Mastoid Approach- A new 
access for the mastoid cholesteatoma (pp. 68-76).Self-published. (ISBN: 978-984-36-03 11-1). 


Attribution: 
Transcanal Endoscopic Mastoid Approach- A new access for the mastoid cholesteatoma by Sheikh Shawkat Kamal 
is licenced under CC BY-NC-ND 4.0 


For further query, please contact the author: email: drshawkatent@gmail.com 


Dedication 


To all my patients who were confident in me during the journey with this new surgical modality. 


To my parents, late Professor SK M Kamal Uddin Ahmed and Shaheda Nasreen, particularly my 


father, who first introduced me to Otolaryngology. 


To my beloved wife, Tania Noor, for her unwavering support and contribution in reducing the familial 


workload while writing this book. 


Acknowledgements 


I sincerely acknowledge the support that I got from the hospital management team of the 


Surgiscope hospital, especially from Managing Director, Dr. Saleh Uddin Ahmed. 


I am grateful to Dr. Goutam Chowdhury, Senior Consultant radiologist in Chevron clinical 
laboratory, Chittagong, Bangladesh, for providing me with normal and pathological CT images of 


the temporal bone. 


I express my heartfelt thanks to a distinguished ear surgeon, Professor Hamed Sajjadi of Stanford 
University, USA, for taking the hardship of reviewing this book voluntarily using the open review 


method. 


I am highly appreciative and thankful to the nationally well renowned ear surgeon, Professor 
Nasima Akhtar of Bangabandhu Sheikh Mujib Medical University, Bangladesh, for her 


tremendous editorial work. 


Reviewer’s Remarks 


An eminent endoscopic ear surgeon with extensive practical expertise in this innovative approach evaluated 


this book using the open peer-review process and provided brief remarks. 


G6 


I have read it carefully. It is a great manuscript with excellent contents, clear graphs, pictures, 
and explanations. I have done transcanal canal wall-down or canal wall-up mastoidectomy in 
numerous patients. I also recommend this technique only for sclerotic small mastoids. It would be a 
hard sell to promote transcanal mastoidectomy in well-aerated and large mastoids. I would 
emphasise that this approach is not for the novice and requires extensive experience doing routine 
endoscopic tympanoplasty and attic cholesteatoma resection before doing endoscopic 


mastoidectomy. 99 


Hamed Sajjadi, MD, FACS 

Clinical Professor (Affiliated), Neurotology 

Stanford University School of Medicine 

Department of Otolaryngology-Head & Neck Surgery 

Stanford, California, USA. 

General Member, 

International Working Group on Endoscopic Ear Surgery (IWGEES). 


Preface 


The mastoidectomy surgery has a long evolutionary history. Since the first well-documented mastoidectomy 
done by Jean Louis Petit in 1729 with trepanation, the instrumentation had remained almost identical for the 
next one and a half centuries. The gauze and chisel replaced the trepan after Hermann Schwartze, in 1873, 
detailed a simple mastoidectomy procedure. In the late nineteenth century, William Macewen started using an 
electrical dental drill machine in mastoid surgery, but it was promoted mainly after 1929. In the early 1950s, the 
binocular operating microscope produced by the Zeiss Company was introduced in mastoid surgery. The post- 
auricular approach, via the post-auricular incision described by Sir William Wilde in 1853, persisted as the only 
gateway to mastoid until 1928, when Julius Lempert popularized the endaural approach. These historical 
occurrences provide testament to the slow advancement of mastoidectomy surgery. 


In the mid-1980s, Jean-Marc Thomassin introduced the endoscope as an adjunct to the operating microscope in 
cholesteatoma surgery. After completing the primary surgical dissection under an operating microscope, this 
method used an endoscope to search for and remove residual cholesteatoma from hidden places (such as the 
sinus tympani). This policy could successfully reduce the rate of recidivism in conventional microscopic 
mastoidectomy for cholesteatoma. In the late 1990s, Muaaz Tarabichi performed purely transcanal endoscopic 
surgery for attic and tympanic cholesteatoma. Marchioni D et al. reported the first transcanal approach to the 
mastoid antrum exclusively under the endoscope in 2011. The transcanal endoscopic mastoid procedure is a new 
ear surgical approach that completely treats the attic and mastoid antral cholesteatomas through the transcanal 
route. 


After spending several years in endoscopic middle ear surgery, an intense inclination developed towards 
exploring the mastoid antrum entirely with an endoscope through the transcanal route. The lack of proper 
instruments and the absence of a mentor suffered me at the beginning of this new approach. Besides, some of 
my learned colleagues opposed this transcanal endoscopic approach for cholesteatoma present beyond the lateral 
semi-circular canal. Despite these odds, I had to remain consistent in my work. It was a lonely journey toward 
uncertainty. However, the successful application of the transcanal endoscopic approach to the mastoid antrum 
on the cadaveric temporal bone gave me the confidence to start this novel approach on a living patient. I could 
eventually overcome my difficulties. Finally, as expected, I gained solid and favourable ground for practicing 
this new approach. In 2009, I did my first case, and since then, I have been on it. 


My extensive experience indicates that, when it comes to treating mastoid cholesteatoma, this transcanal 
endoscopic mastoid technique is just as successful as traditional microscopic methods. Colleagues using the 
same endoscopic approach for cholesteatoma shared similar experiences. Its minimally invasive nature is an 
advantage. This book systematically depicts various aspects of newly emergent transcanal endoscopic access to 
the mastoid antrum. Its core focus is on depicting the surgical details using this endoscopic approach with 
illustrations based on multicentre experiences. Perhaps it is the first attempt of this sort in the medical literature 
and is expected to serve as a supportive platform for ear surgeons interested in this field. 


9th August, 2024, Chittagong, Bangladesh. Dr Sheikh Shawkat Kamal, MBBS, FCPS 
Email: drshawkatent@gmail.com 
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Chapter 


Basic Outlines - 
e Definition. 
e Surgical procedures. 
e Relevant anatomical features. 
e Comparison with conventional approaches. 
e Pros and cons. 


Basic Outlines 


Introduction: 


Traditionally, surgeons utilise a surgical microscope to access the mastoid antrum via the postauricular or 
endaural route while removing a mastoid cholesteatoma. The microscope allows clearer and more enlarged view 
of the working area. However, using a microscope to magnify a region compromises the operation site's 
contextual view. Large normal structures must consequently be eliminated in order to uncover hidden diseased 
sections. Recidivism is occasionally conceivable, even after a thorough dissection of the mastoid under a 
microscope, due to the aggressive nature of cholesteatoma. In 1987, Jean-Marc Thomassin introduced the 
endoscope as a supplementary instrument for the operating microscope used in cholesteatoma surgery (1). This 
allowed surgeons to remove cholesteatomas from hidden areas after the initial dissection under the microscope. 
Studies adopting this policy showed a significant reduction in cholesteatoma-related residual cases (2, 3, 4, 5, 
6). An endoscope's wide-angle lens offers a comprehensive contextual perspective of the working field. The 
buried diseased section, which is hard to spot with a microscope's straight vision, is easily located under the 
endoscope's wide-angle view. Additionally, the surgeon can insert the endoscope through a small opening, 
preserving as many natural anatomical components as possible. These beneficial properties of an endoscope 
reduce the invasiveness of surgery. 


We all know that the finest surgical results come from procedures that can remove the diseased area entirely 
with the least amount of disruption to the normal structure. This is the strategy behind the favourable 
consequences of all kinds of minimally invasive surgery. From this perspective, exclusive transcanal endoscopic 
surgery would provide a comparable benefit in treating cholesteatoma. In the late 1990s, Muaaz Tarabichi 
initiated the excision of limited attic cholesteatoma purely under endoscopic guidance through transcanal route 
with significant success (7). This initial success opened a new horizon in cholesteatoma surgery. More 
encouraging data from comparable endoscopic procedures for attic cholesteatoma gradually made its way into 
the medical literature (8, 9, 10). In the field of ear surgery, this endoscopic method is currently well recognized. 
However, the majority of endoscopic ear surgeons still hesitate to accept the idea of removing the mastoid antral 


cholesteatoma entirely by endoscope through a transcanal route. 


In transcanal endoscopic mastoid surgery, surgeons remove the posterior canal wall through a transcanal route, 
purely under endoscopic guidance, to gain access to the mastoid antrum. Similar to endoscopic middle ear 
surgery, the surgeon uses their dominant hand to do the surgical operations while holding the endoscope in the 
non-dominant hand during transcanal endoscopic mastoid surgery. This single-hand manoeuvre is the main 
drawback of transcanal endoscopic ear surgery. In 2011, Marchioni D. et al. reported the first exclusive 
transcanal approach to the mastoid antrum (11). Currently, a small number of surgeons in a few centres around 
the world are successfully practicing this challenging approach. 
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Definition: 


The transcanal and endaural endoscopic approaches involve inside-out dissection of the mastoid but are 
technically different. Occasionally, the endaural endoscopic approach has been loosely depicted as the transcanal 
endoscopic approach. Unlike the endaural endoscopic approach, in the transcanal endoscopic mastoid approach, 
the incision mark for the most lateral meatal flap never extends beyond the incisura terminalis. A definition is 
needed to differentiate between transcanal and endaural endoscopic approaches. 

“The transcanal endoscopic mastoid approach is entirely done through the external auditory canal, purely 
under endoscopic guidance by the retrograde dissection of the posterior canal wall, which may occasionally 
extend to the suprameatal mastoid cortex.” 


Surgical procedures: 


Like traditional ones, the transcanal endoscopic mastoid approach permits three main procedures: the open- 
cavity procedure, the closed-cavity procedure, and the mastoid obliteration procedure. All these methods are 
done entirely through the transcanal route, purely under endoscopic guidance. A simplified illustration of these 
endoscopic procedures is depicted in Figure 1. 


In the transcanal endoscopic open cavity procedure, the posterior canal wall is dissected to remove the mastoid 
antral cholesteatoma completely. In the presence of a small mastoid antrum, the postoperative cleaning of the 
mastoid cavity can be ensured without meatoplasty. On the other hand, in the presence of a large mastoid antrum, 
the surgery demands the extension of the posterolateral dissection of the posterior canal wall up to the 
suprameatal area and a meatoplasty for postoperative cleaning of the mastoid cavity. 


In a transcanal endoscopic closed-cavity procedure, the posterior canal wall is dissected to remove the mastoid 
antral cholesteatoma completely. After that, the surgical defect of the posterior canal wall is repaired with 


cartilage or bone grafts. 


In transcanal endoscopic mastoid obliteration, the mastoid cavity is approached through the transcanal route. 
After removal of the periantral mastoid cells and mucosa completely, the mastoid cavity is filled with chips of 
bone grafts or bone pate. Later, the grafts, or pate, are reinforced by covering them with a temporalis fascia. In 
addition to the above procedures, the transcanal endoscopic exploratory mastoid antral window procedure is 
occasionally performed to confirm the attic cholesteatoma's extension into the mastoid antrum (12). This 
procedure involves the creation of a hole in the posterior canal wall above the tympanomastoid suture, around 
8—10 mm superior and posterior from the free margin of the scutum. This small hole allows direct endoscopic 
observation of the mastoid antrum. 


Relevant anatomical features: 


A detailed discussion of the ear anatomy is beyond the scope of this chapter. Instead, it discusses only the relevant 


anatomical features and their surgical implications. 
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Figure 1: This figure represents various transcanal endoscopic mastoid procedures. A simplified form of the 
mastoid antrum is shown in the middle. In the case of an open-cavity procedure, the dissection involves the removal 
of the posterior canal wall and part of the mastoid cortex. At the end of the procedure, the exposed cavity with the 
attic is kept open. Conversely, the closed-cavity procedure removes a small part of the posterior canal wall to 
explore the mastoid antrum. At the end of the procedure, the removed part of the posterior canal wall is 
reconstructed with graft (as indicated with a green-coloured line in the above figure). In the case of a mastoid 
obliteration procedure, the exposed cavity is filled with bone chips or pate and reinforced by the fascia graft (red 
coloured line). 


External auditory canal: 

The external auditory canal consists of the lateral cartilaginous and medial bony parts. It is around 25 mm long 
in adults. The isthmus is the narrowest among the two constrictions of the external auditory canal. It is located 
in the bony part, around 5 mm lateral to the tympanic membrane, formed by the prominence of the anterior bony 
canal wall (Figure 2). The average height and width at the isthmus are 9 mm and 5.4 mm, respectively (13). 
During endoscopic surgery, it is good practice to keep the tip of the endoscope a few millimetres lateral to the 
isthmus, which ultimately allows easy instrumentation through the narrow space of the isthmus. However, 
occasionally, in the presence of a very narrow or curvy isthmus, canaloplasty may be required. The cartilaginous 
part comprises meatal cartilage and is about 8 mm long in adults. The meatal cartilage covers almost the entire 
circumference of the outer meatus except in the superior anterior part, which is deficient. This cartilage-free area 
is the incisura terminalis, filled with fibrous tissue among the upper ends of meatal cartilage medially, the anterior 
part of the helix posteriorly and the tragal cartilage anteriorly (Figure 3). 
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Figure 2: In this left ear endoscopic view, 
the area surrounded by blue arrows is the 
isthmus of the external auditory canal. 


It allows a suitable incision for the most lateral meatal flap without damaging the meatal cartilage. The meatal 
cartilage is laterally continuous with the auricular cartilage and medially attached to the bony canal by fibrous 
bands. The cartilaginous part is a curved tunnel directed medially, slightly upward, and backward. It is necessary 
to press the meatal cartilage with the tip of the endoscope to get an adequate endoscopic view of the surgical 
fields. 


The bony part of the external auditory canal is around 16 mm long in adults. The tympanic bone forms the floor 
and anterior wall of the bony canal. The squamous bone makes the roof. Two bones make up the posterior bony 
canal wall: the mastoid part of the temporal bone from above and the tympanic bone from below. The 
tympanomastoid suture/fissure marks the meeting point of these two bones, and it runs from the tympanic sulcus 
to the outer surface of the bony meatus (Figure 4). The skin of the external auditory canal is always adherent 
tightly to this suture line, which occasionally helps to identify this faint suture line. 


Figure 3: The incisura terminalis 
area (red star) in the right ear. 


The posterior canal wall forms the solid partition between the external auditory canal and the mastoid antrum. 
The medial part of the posterior canal wall below the aditus ad antrum comes in close contact with the mastoid 
segment of the facial nerve (Figure 5). This close relationship raises a safety concern during the retrograde 
approach to the mastoid antrum from the attic. The initial inside-out dissection of the posterior canal wall above 
the tympanomastoid suture line always leads the dissection safely from the attic to the mastoid antrum in the 
adult ear. The thickness of the bone of the posterior canal wall gradually increases as it runs laterally. Because 
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of this, a more robust instrument, like drilling with a burr, is required while retrograde dissection progresses 
towards the lateral part of the posterior canal wall. 


Figure 4: In this picture, blue arrows 
indicate the tympanomastoid suture line in 
the posterior bony canal wall of the left 
ear. 


Figure 5: This oblique coronal CT image of the 
left ear shows the position of the mastoid 
segment of the facial nerve (indicated by a red 
arrow) in the posterior canal wall concerning 
the middle ear cavity (ME) and mastoid antrum 
(MA). 


The Aditus ad antrum: 

The aditus ad antrum is bounded medially by the dome of the lateral semi-circular canal, above by the tegmen 
tympani, and laterally by the posterior canal wall and inferiorly upper border of a bony partition in between the 
mastoid antrum and tympanic cavity, which lodges the mastoid segment of the facial nerve. The short process 
of the incus is closely related to the lateral semi-circular canal and the upper end of the mastoid segment of the 
facial nerve. The average distances from the short process of incus to the upper end of the mastoid segment of 
the facial nerve and the lateral semi-circular canal are 2.36 mm and 1.25 mm, respectively (14). During 
retrograde dissection of the posterior canal wall, the short process of the incus and the lateral semi-circular canal 
act as important landmarks for anticipating the location of the aditus ad antrum. Figure 6 shows how the 
retrograde bony dissection path over the tympanomastoid suture safely lands on the aditus ad antrum. 


Mastoid antrum: 

The mastoid antrum of the temporal bone is an air-filled sinus with an average volume of 1 ml in adults. In most 
normal ears, the lower limit of this air-filled space roughly extends up to the deeper floor level of the external 
auditory canal (Figure 7). The roof is formed by a bone called the ‘tegmen mastoideum’ that separates the 
mastoid antrum from the middle cranial fossa and its content—the temporal lobe of the brain. The upper part of 
the anterior wall of the mastoid antrum is related to the aditus ad antrum. The lower part of the anterior wall is 
formed by a bony partition between the tympanic cavity and the mastoid antrum, lodging the mastoid segment 
of the facial nerve and its bony canal. 
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Figure 6: In image A, green arrows indicate the dissection path above the tympanomastoid suture line (indicated 
by black arrows) in a right cadaveric ear. Image B shows the exposed part of the attic and aditus ad antrum (Ad) 
after this initial bony dissection above the tympanomastoid suture line (indicated by black arrows). LSC = the 
lateral semi-circular canal, I = the incus, and FN = the tympanic part of the facial nerve. 


The floor of the mastoid antrum is related to the sigmoid sinus medially and the digastric muscle laterally. The 
posterior wall of the mastoid antrum is made up of a bony covering of the sigmoid sinus. The medial bony wall 
of the antrum is closely related to the posterior semi-circular canal, the endolymphatic sac, and the dura of the 


posterior cranial fossa. 


Figure 7: Sequential coronal CT images of a right ear having well-aerated mastoid. 
The red dotted line depicts the similarity in depth between the external auditory 
canal (image A) and mastoid antrum (image B). 


Figure 8 below shows the endoscopic views of the structures in the bony partition between the mastoid antrum 
and the middle ear in the cadaveric temporal bone. The long axis of the medial wall of the mastoid antrum 
gradually comes close to the attic while it runs from the lateral to the medial direction (Figure 9). For safety 
reasons, the trajectory of transcanal endoscopic dissection should respect this alignment while approaching the 
mastoid antrum from the attic. Otherwise, the dissection's straight posterior trajectory will injure the mastoid 
antrum's medial wall. Because of the concave contour of the posterior bony canal wall, a small portion of the 
mastoid antrum extends anterior-superiorly over the bony external auditory canal roof (Figure 10). In a 
transcanal endoscopic mastoid approach, the surgeon should adequately dissect the posterior-superior part of the 
posterior bony canal wall to address this extended part of the mastoid antrum over the roof of the external 


auditory canal. 


Figure 8: Image A shows the endoscopic views of the mastoid antrum (MA), middle ear (ME), and medial 
portion of the posterior canal wall (PCW) between them. After the dissection of this partitioned area, image 
B shows structures within it. LSC = the lateral semi-circular canal, FN = the mastoid part of the facial nerve, 
and PSC= the posterior semi-circular canal. 


Spin: -29 R Figure 9: In this axial CT image of the 
Tilt: -98 left ear, the double-headed red arrow 
indicates the long axis of the mastoid 
antrum. The medial wall of the mastoid 
antrum comes closer when it goes from 
lateral to medial towards the attic. 


Figure 10: Images A, B, and C are consecutive sagittal views of the right mastoid antrum (MA), showing the 
extension of the mastoid antral air cells (blue star) over the roof of the external auditory canal (EAC). Image D is 
the oblique coronal view of the same mastoid antrum (MA), showing the extension of the mastoid antral air cells 
(blue star) over the roof of the external auditory canal (EAC). ME = middle ear cavity. 
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Comparison with conventional approaches: 


The endoscope provides a better contextual view of the surgical field than the microscope due to its wide-angle 
lens. Because of this, the removal of a minimal amount of bone through the transcanal route allows easy access 
to the mastoid antrum. In a comparative picture concerning the amount of bone removal needed to create access 
to the mastoid antrum among conventional and transcanal endoscopic approaches, the transcanal endoscopic 
approach is readily evident as the least invasive (Figure 11). However, its most diminutive invasive nature never 
compromises the complete removal of cholesteatoma from the mastoid antrum. 


The low-lying tegmen or the anteriorly placed sigmoid sinus frequently hampers the manipulation of the 
cholesteatoma hidden medial to these bulged areas. In such conditions, this transcanal endoscopic approach is 
more advantageous than conventional approaches for visualisation of the hidden area under its wide-angle vision. 


In contrast to conventional approaches, the surgical incision marks of the transcanal endoscopic approach mostly 
remain within the meatus. There will be hardly any externally visible scar marks after the transcanal endoscopic 
mastoid surgery. For this reason, from an aesthetic point of view, the transcanal endoscopic approach is more 
appreciable than conventional approaches. 


Transcanal endoscopic approach 


Figure 11: This figure shows the bone removal areas (blue-coloured area) needed to create 
access to the mastoid antrum through the transcanal and other conventional mastoid 
approaches. In a gross comparison, the transcanal endoscopic mastoid approach requires 
less bone removal than the conventional approaches. 


The transcanal endoscopic mastoid approach is a single-hand procedure in which the surgeon holds the 
endoscope with his non-dominant hand and performs instrumentation with his dominant hand. In contrast, the 
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conventional microscopic mastoid approaches allow using two hands simultaneously. Because of this, in the 
context of technological convenience, transcanal endoscopic mastoid surgery is less handy than its traditional 
counterparts and demands more time to develop adequate surgical dexterity. Besides some similarities, notable 
differences exist between endoscopic transcanal and endaural approaches. In the endaural-endoscopic mastoid 
approach, the initial surgical step involves an endaural incision to widen the meatus of the external auditory 
canal. This widening of the meatus provides more working space than the transcanal endoscopic approach, which 
is especially useful in a narrow canal. After holding the endoscope by an endoscope holder, the endaural 
approach can allow two hands to participate in the surgical procedures. However, the endoscopic endaural 


approach always ends with an externally visible scar of the endaural incision. 


Pros and cons: 


The novel transcanal endoscopic mastoid approach offers some benefits but has some technical difficulties. 


These are listed below and will be discussed in detail in the following chapters. 


Pros: 

1. This endoscopic approach provides better access in the presence of the low-lying tegmen and the 
anteriorly placed sigmoid sinus. 

2. This endoscopic approach is the least invasive compared to the other approaches. 

3. This endoscopic approach has a lower chance of visible, ugly-looking scars or postoperative neuropathy 
in the surgical scar than the other conventional approaches. 
The minimally invasive nature of such an approach encourages early wound healing. 

5. It provides the opportunity to perform the whole surgical procedure under an endoscopic setup, thus 
sparing the additional cost of a microscope setup. 


Cons: 
1. Since this endoscopic approach is carried out with a single hand, the main difficulty is performing dual 
procedures simultaneously. 
It is troublesome to perform instrumentation in the narrow external auditory canal through this approach. 
3. Itis challenging to perform transcanal endoscopic drilling. 
4. It has a long learning curve. 


Conclusions: 


The specific definition of the transcanal endoscopic mastoid approach separates it from its close equivalent, the 
endaural endoscopic mastoid approach. This approach allows different surgical procedures, such as open and 
closed-cavity mastoid procedures. As it uses the natural external auditory pathway and mainly removes the 
posterior canal wall to access the mastoid antrum, it is said to be the least invasive approach compared to other 
conventional approaches. Surgeons should remain vigilant about the relevant anatomical features of the ear that 
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may favour or disfavour this new endoscopic approach. In the following chapters, we will see how this novel 
approach can efficiently remove the cholesteatoma from the mastoid antrum, even in extensive cases. 
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mastoid antral window. 
e Tools for the dissection of the posterior canal 
wall. 
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Introduction: 


Certain anatomical landmarks serve as lighthouses throughout any operation, guiding the surgical procedure to 
be carried out safely and effectively. The transcanal endoscopic approach to the mastoid antrum involves the 
retrograde dissection of the posterior canal wall to create a direct passage from the external auditory canal to the 
mastoid antrum. This route is later employed in the excision of the antral cholesteatoma. Occasionally, in the 
presence of the suspected shadow in the pre-operative imaging, a window is constructed in the posterior canal 
wall for direct endoscopic evaluation of the mastoid antrum. While approaching the mastoid antrum, the 


retrograde dissection of the posterior canal wall proceeds through the aditus ad antrum. 


The mastoid segment of the facial nerve runs vertically downwards below the aditus ad antrum in close relation 
to the posterior bony canal wall. The mastoid section of the facial nerve is completely covered behind the 
posterior canal wall, making direct endoscopic imaging of it impossible. Therefore, there is always a risk of 
injury to the mastoid segment of the facial nerve in the retrograde dissection of the posterior canal wall. Similarly, 
making a window in the posterior canal wall for endoscopic examination of the mastoid antrum also carries the 
risk of injury to this concealed structure. In such a reality, safe dissection plans based on surgical landmarks are 


mandatory. 
Under endoscopic guidance, it is always challenging to dissect the bony posterior canal wall through the narrow 


space of the external auditory canal with a single hand. It takes specialised equipment and methods to complete 


this task. Every instrument used for this purpose has its merits and demerits. 


14 


Landmarks and tools 


Landmarks for the retrograde dissection of the posterior canal wall: 


Four important landmarks act as lighthouses, leading the dissection of the posterior bony canal wall from the 
attic to the mastoid antrum. These are the tympanic part of the facial nerve, the short process of the incus, the 


dome of the lateral semi-circular canal, and the tympanomastoid suture. 


Marchioni et al. depicted two methods to identify the location of the mastoid antrum depending upon the 
presence of incus (1). In the presence of incus, the tip of the short process of incus points to the mastoid 
antrum. Alternatively, in the absence of incus, the position of the mastoid antrum could be assumed by the 
meeting point of two imaginary lines: one passed along the tegmen tympani, and the other passed along the 
lateral semi-circular canal. However, visualisation of the lateral semi-circular canal often demands bringing the 
endoscope tip close to the attic. This may cause difficulty in instrumentation as both the drill burr and the 
endoscope tip need to pass through the isthmus of the external auditory canal (the narrowest part of the canal). 


In the author’s observation, a posterior-superior-directed dissection above the tympanomastoid suture line could 
safely open the mastoid antrum without damaging the mastoid segment of the facial nerve (Figure 1). Moreover, 
the distant placement of the endoscope tip facilitates easy instrumentation during such a dissection. However, as 
the development of tympanic bone may continue up to the age of 9 years, progressive changes in the position of 
the tympanomastoid suture line may occur in the early childhood period (2). This may eventually cause 
uncertainty in the relationship between the suture line and the surrounding vital structures. So during this early 
childhood period, in addition to the tympanomastoid suture line, direct vision of the lateral semi-circular canal, 
the tympanic part of the facial nerve, and the tip of the short of the incus (if present) should also be counted as 
significant landmarks to identify the location of the aditus ad mastoid antrum. 


Figure 1: Image A shows the tympanomastoid suture line (blue arrows) in the posterior canal wall and 
the direction of the retrograde dissection (green arrow heads) to open the mastoid antrum of the right 
ear. Image B represents the passage created from the attic to the aditus ad antrum (Ad) by this initial 
dissection. I = body of the incus. 


Landmarks for making the exploratory mastoid antral window: 


Making an antrostomy hole or mastoid window in the posterior canal wall is a blind procedure that entirely 


depends on landmarks (3). The selected site for such a mastoid antral window is the point above the 
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tympanomastoid suture line where the roof and posterior wall of the external auditory canal meet and 
approximately 8—10 mm posterior-superior from the free border of the scutum (Figure 2). 


Tools for the dissection of the posterior canal wall: 


The thickness of the posterior bony wall becomes thicker in its lateral part. Robust instruments are necessary to 
dissect such dense bone (Figure 3). Instruments for the dissection could be categorised into powered and non- 
powered tools. 


Figure 2: This picture represents the point 
(green star) above the tympanomastoid 
suture line (marked by blue arrows) for 
creating an exploratory mastoid antral 
window in the posterior canal wall of the 
left ear. 


Figure 3: The black arrows represent the 
posterolateral bony thickness of a cadaveric 
right ear posterior canal wall. 


Curettes, different types of pituitary punches, and chisels are categorised as non-powered instruments (Figure 
4). The drilling with a burr and the ultrasonic bone curette have fallen into the category of powered instruments. 
Frictional heat production in the surgical field is an inevitable consequence of the powered instrument. This 
necessitates irrigation with fluid to cool the surgical field before it reaches a dangerous level. Non-powered 
instruments are not involved in such heat generation. 


Curette: 

Different ear curettes, like House, Lempert, Williger, etc., can be used for dissection. House curettes having 
straight or angled ends are commonly used. Curettes can effectively dissect thin bone, such as the outer walls of 
the epitympanum and facial recess. However, they would not be ideal for dissecting the thick bone present in 
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the lateral part of the posterior canal wall. The most useful feature of the curette is that it can safely dissect bone 
close to a heat-vulnerable structure like the facial nerve. 


Figure 4: Some non-powered instruments 
used for the dissection of the posterior canal 
wall. A is the pituitary punch, B is the 
chisel, and C is the curette. 


Pituitary punches: 

Ferris-Smith-Kerrison pituitary punches with 1, 2, 3 and 4 mm punched areas can be used for the dissection. 
Their cutting edges could be 90° or 40° angled, facing upward or downward. Their modified version has a 360° 
adjustable shaft. A pituitary punch can efficiently dissect almost any part of the posterior canal wall. Its use in 
dissection reduces the workload of drilling with a burr. However, in terms of precision, it is less precise than 
drilling with a burr. Its introduction through the wide external auditory canal is easy, but it would be difficult in 
a narrow canal. 


Chisels: 

2, 3, and 4 mm cutting-edged chisels are only used to dissect the most lateral part of the canal wall and the 
adjacent suprameatal area of the mastoid bone. They can remove a large chunk of bone once at a time, thus 
shortening the total time of dissection. 


Drilling with burrs: 

Drilling with a burr can dissect the bone more precisely than any non-powered instrument. It is regarded as the 
most essential tool in the dissection armamentarium. However, drilling with burrs needs irrigation and suction 
to reduce the frictional heat generated in the operating field. It is a multi-hand task to perform drilling with 
simultaneous irrigation and suction. In transcanal endoscopic drilling, the surgeon has to face the challenge of 
performing this multi-hand task with a single hand through the restricted space of the external auditory canal. 
Different techniques have been applied to overcome this challenge. Such techniques are mentioned below. 


The chopstick drilling technique: Vaughan C et al. introduced this technique of holding the drill and the 
suction in the same hand, a similar technique applied to hold the chopstick (4). The body of the drill handpiece 
would rest in space between the base of the thumb and index finger, while the remote part of the drill would be 
adjusted by the distal parts of the third and fourth fingers (Figure 5). The suction adapter would be gripped like 
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a pencil between the thumb and index finger. An adjustable nozzle clipped to the hub of the drill bit would supply 
the irrigation fluid. With this arrangement, the surgeon maintains drilling with continuous irrigation and suction 
with the same hand while holding the endoscope with another hand. 


Figure 5: This picture displays how to use the 
‘chopstick drilling technique’ to hold the drilling 
handpiece and suction nozzle with a single hand. 
The body of the drill handpiece would lay 
between the bases of the thumb and index finger, 
with the distal sections of the third and fourth 
fingers adjusting the distant part of the drill. The 
suction adaptor would be held like a pencil 
between the thumb and index fingers. 


The endoscopic hydro-mastoidectomy drilling technique: Nishiike S. et al. described this underwater drilling 
technique for transcanal endoscopic mastoidectomy (5). The continuous flow of saline water through the lens 
cleaning sheath attached to the endoscope would fill up the surgical field. During drilling, the tip of the 
endoscope and the distal part of the drill burr would continuously remain submerged in the saline fluid (Figure 
6). 


Figure 6: In the endoscopic ‘hydro-mastoidectomy 
drilling technique’, the drilling area remains 
submerged in the saline water supplied through the 
endoscope’s sheath. 


Curved drilling burr 


Endoscope with sheath 


This underwater environment would reduce the friction heat. The continuous water flow would flush out the 
debris and blood clots in the surgical field. The surgeon would control the flow of the saline water infusion into 
the surgical field. The assistant will suck the saline water that has overflowed out of the external auditory canal. 
Holding the endoscope in one hand and the drill handpiece in another hand, the surgeon would perform the 
drilling in this underwater environment. 


The short-time drilling with intermittent irrigation and suction technique: The present author developed 
this technique (6). It involves successive events comprising short-time drilling, not more than 5 seconds at a 
speed of around 35,000 rpm, followed by irrigation with the saline fluid and suction clearance of the operating 
field. The surgeon would perform all these events, one after another, with the same hand while holding the 
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endoscope in another hand. This drilling policy keeps the friction temperature below the threshold level of tissue 
damage. To maintain the drilling time, the surgeon would count from 1 to 5, corresponding roughly to the timing 
of 1 to 5 seconds on a clock. Before doing this, the surgeon would need to mentally calibrate his counting speed 
with the timing of the second of a clock. For safety reasons, a 2-second drilling time would be strictly maintained 
during drilling the area near the facial nerve. In contrast, the area more than 5 mm away from the facial nerve 
would allow drilling for up to 5 seconds. Drilling with intermittent irrigation also provides a better view of the 
surgical field since drilling with continuous irrigation blurs the endoscopic view of the operating field by 
scattering bone sludge and fluids. 


Transcanal endoscopic drilling also carries the risk of laceration of the canal skin by the rotating shaft of the drill 
burr. To avoid such injury, a protective sheath around the shaft of the rotating burr is necessary. Presently, two 
forms of burr are used. One is the straight burr, and the other is the particular curved burr. An attachment 
connected with the handpiece of the drill provides a protective sheath around the shaft of the straight burr. Every 
manufacturing company has its own uniquely designed attachment. The author uses an attachment with a narrow 
outer diameter made by the Tian Song Medical Instrument Company, China (Figure 7). The unique curved burr 
has a built-in outer, non-rotating covering. This curved burr can only be used with a particular type of handpiece, 
such as the Visao or Midas model of Medtronic USA, Inc. 


Figure 7: Images A and B show the attachment used by the author as a protection sheath over the burr to avoid 
lacerated injury to the meatal skin. 


The outer diameter of the protective sheath is also a concerning factor. A wider one will compromise the working 
space within the external auditory canal. The outer diameters of different attachments and curved burrs are 
mentioned in figure 8. Cutting burrs with tip diameters of 2 and 3.1 mm are commonly used to dissect the medial 
part of the posterior canal wall near the attic. The thick bone at the lateral part of the posterior canal wall and 
adjacent suprameatal area is dissected with a cutting burr having a tip diameter of 4 and 5 mm. A diamond burr 
is used to polish the surface and edges of the mastoid cavity. 


Ultrasonic bone curette: 

The ultrasonic bone curette/aspirator has all the features of an ideal instrument for transcanal endoscopic 
dissection. It has three components: a console, a handpiece, and tips (Figure 9). The console controls the 
electrical power, irrigation, and suction. In the handpiece, the transducer converts the electrical power into a 
high-frequency ultrasonic vibration force that is transmitted to the attached tips. This vibration force produces 
longitudinal and torsional motions at the tip. With minimal manual pressure on the surgical field, these combined 
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motions at the tip dissect the tissues. On the other hand, individual tissue has a specific ultrasonic frequency 
force for its dissection. 


Figure 8: Different types of protective 
attachments. Type A is a particular curved burr 
with a non-rotating outer tube. Type B is the 
commonly used attachment, and Type C is the 
attachment used by the author (made by the 
Tian Song Medical Instrument Company, 
China). The outer diameters of types A, B, and 
C attachments at the sites indicated by the 
white-coloured arrows are around 2.8 mm, 
5.5 mm, and 3.3 mm, respectively. 


7 Console 


as 


Hand Piece 


Figure 9: This figure displays different parts of the 
ultrasonic bone aspirator, the ‘Sonopet’ of the Stryker 
Company. 


Because of this, the 25 kHz vibration force dissects the bone and spares the soft tissue. The dissection of bone 
without damaging the adjacent soft tissue is an extraordinary safety feature of the ultrasonic bone curette. Besides 
dissection, the handpiece also incorporates facilities for continuous irrigation and suction. Irrigation with saline 
water reduces frictional heat. The suction clears the debris, along with irrigation fluid, from the operating area. 
Among the different tips, the Spetzler claw type is mainly used for dissection. This compound function makes 
the handpiece the most sophisticated tool for single-handed use in posterior canal wall dissection (7). 


However, in comparison to the drilling with burr, the ultrasonic bone curette removes comparatively a small 
amount of bone per amount of time (8). The tip of the present ultrasonic bone curette needs modification to be 
accommodated in a narrow canal (9). Moreover, the high price of this ultrasonic device would increase the total 


cost of the surgery. 
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Conclusions: 


Based on the author’s and other authoritarian’s observation, the tympanomastoid suture, the tympanic part of the 
facial nerve, the short process of the incus, and the dome of the lateral semi-circular canal—these four anatomical 
landmarks lead the initial retrograde dissection of the posterior canal wall safely from the attic to the mastoid 
antrum. All the tools that can be used for this dissection have distinctive advantages and disadvantages. Powered 
tools raise the concern of a possible thermal injury to the facial nerve. Surgeons need to adopt a special technique 


to perform drilling with a burr in a single hand. 


21 


Landmarks and tools 


References: 


1. 


Marchioni D, Molteni G, Presutti L. (2011). Endoscopic Anatomy of the Middle Ear. Indian J 
Otolaryngol Head Neck Surg. 63(2), 101—113. 


Jones SM, Jones TA. (2011). Embryogenesis of the outer and middle ear. In: Genetics, Embryology, 
and Development of Auditory and Vestibular Systems (pp. 131-152). The Plural Publishing. San Diego. 


Kamal SS. (2014). Transcanal Endoscopic Antrostomy Hole: It’s Utility in Restoring Ventilation 
Pathway to Epitympanum and Mastoid Antrum during Tympanoplasty. Bangladesh Journal of 
Endosurgery, 2(1), 9-14. 


Vaughan C, Jufas N, Patel NP, Saxby AJ, Kong J HK. (2019). The "Chopstick Drilling Technique": 
A novel solution to drilling bone in endoscopic ear surgery. Clin Otolaryngol, 44(6), 1231-1233. 


Nishiike S, Oshima K, Imai T, Uetsuka S. A novel endoscopic hydro-mastoidectomy technique for 
transcanal endoscopic ear surgery. (2019). J Laryngol Otol, 133(3), 248-250. 


Kamal SS. (2021). A worthy technique for transcanal drilling during endoscopic ear surgery. World J 
Otorhinolaryngol Head Neck Surg, 7(4), 265-269. 


Kakehata S et al. (2014). Extension of Indications for Transcanal Endoscopic Ear Surgery Using an 
Ultrasonic Bone Curette for Cholesteatomas. Otology & Neurotology, 35, 101-107. 


Nakase H, Matsuda R, Shin Y, Park YS, Sakaki T. (2006). The use of ultrasonic bone curettes in spinal 
surgery. Acta Neurochir (Wien), 148(2), 207-12, discussion 212-3. 


Mehta R et al. (2019), Endoscopic Inside-Out Mastoidectomy with the Ultrasonic Bone Aspirator. OTO 
Open, 1-4. 


22 


Chapter 


The practice on the cadaveric temporal bone - 
e Work station. 
e The dissection details. 


23 


The practice on the cadaveric temporal bone 


Introduction: 


In many instances, the dead serve the living. It is best to try any new surgical method on a corpse before 
attempting it on a living patient. As a result, the surgeon's competence and self-assurance will grow. To have 
extensive access to the mastoid antrum, transcanal endoscopic exploration involves the wide removal of the 
posterior auditory canal wall. The surgeon needs to be acquainted with the safe dissection protocol to create this 
endoscopic access to the mastoid antrum. Additionally, under endoscopic vision, surgeons need to be familiar 
with essential anatomical structures contained within the mastoid, such as the semi-circular canals, mastoid 
segment of the facial nerve, etc. Moreover, as the transcanal endoscopic approach involves single-hand 
manoeuvres, sufficient practice is necessary to obtain adequate grips on this special tactic. To develop such 


dexterity, transcanal endoscopic mastoid dissection on cadaveric temporal bones is an essential exercise. 


While various handbooks on temporal bone dissection under a microscope swarm the medical literature, the 
paper covering a comprehensive dissection manual for the novel transcanal endoscopic mastoid approach is hard 
to find. However, the author’s recently published article illustrates the transcanal endoscopic approach for the 
mastoid portion of the facial nerve on the cadaver (1). This endoscopic approach is a relatively new technology; 
therefore, using it on cadaveric temporal bones calls for a special setup and strategy. The author tested this unique 
method on eight cadaveric temporal bones—four left and four right—before attempting it on the living patient. 
He then created a thorough and secure set of guidelines for using a transcanal endoscopic approach on a corpse. 
This chapter describes the technical details of the author’s method. 
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Work Station: 


Position of the cadaveric specimen: A fresh cadaveric temporal bone preserved in formalin is placed with the 
help of a temporal bone holder on a table between the surgeon and the video tower. The temporal bone is attached 
so that the tip of the mastoid faces the right side of the surgeon in the case of the right temporal bone and the left 
side of the surgeon in the case of the left temporal bone. The bone is tilted towards the surgeon so that the 


external auditory canal and the surgeon's eye vision are on the same axis. 


Position of the surgeon: The surgeon is in a sitting position, facing the monitor and temporal bone. The 
surgeon's non-dominant hand holds the endoscope with the camera head. The necessary instrumentation is done 
with the dominant hand. An assistant can sit on the surgeon's right side during the dissection. The height of the 
temporal bone is adjusted at the surgeon's lower chest level. 


Position of the video tower: The video tower, comprising the camera control unit, the light source, and the 
monitor, is placed in a special trolley in front of the surgeon (Figure 1). 


Placement of the other instruments: The necessary instruments, sucker nozzle, and handpiece of the electric 
micro drill are placed near the dominant hand of the surgeon. A gauze piece with an anti-fogging agent is placed 
near the surgeon's non-dominant hand. A list of required instruments is shown in Table 1. 


Table 1: List of required instruments. Figure 1: Workstation in the author’s 
dissection practice setup. 


4mm 18cm, 0° rigid endoscope. 

2.7mm 11cm, 0° rigid endoscope. 

2.4mm x 3.5mm Plester’s round cutting flap knife, 16cm. 

2mm Round cutting knife, 45° angled, 16cm. 

Plester’s sickle knife. 

1.5 + 1.8mm House double ended curette, 15cm. 

3.2mm Wullstein’s curved raspatory, 16cm. 

1x5 mm straight alligator forceps. 

9. Imm wide elevator, 16cm. 

10. Curved needle, 16cm. 

11. 2mm/6 F G Fergusson’s suction tube 18cm. 

12. Luer cone adaptor. 

13. 1.5mm, 1mm Luer cone suction needle/cannula. 

14. Imm, 2mm, 3mm, Ferris-Smith-Kerrison pituitary punch, 
40° and 90° upward cutting, 18cm. 

15. 2, 3.1 and 4mm cutting burrs, 7cm. 

16. 2 and 3.1 mm diamond burrs, 7cm. 

17. Straight Intra hand piece (1:1). 

18. Intra coupling micro motor with cable. 

19. Electric motor control unit. 

20. Endoscopic camera head with control unit. 

21. Fiber optic light source with cable. 

22. Monitor. 

23. Temporal bone holder. 

24. Suction unit. 

25. Antifogging agent. 

26. Irrigation saline water. 


G2 eee EES 


All the dissection procedures are done purely under a 0-degree, 4mm-diameter endoscope. The 0-degree 2.7mm- 
diameter endoscope is chosen for the narrow canal. The camera head is attached to an endoscope so that the 
endoscopic video images of ear structures on the monitor are viewed in their anatomical position. For example, 
while viewing the tympanum on the monitor, the incus is at the back, the eustachian tube end is at the front, the 
epitympanum is at the top, and the hypotympanum is at the bottom. Such arrangements are maintained 
throughout the dissection procedures. 
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The surgeon's right and left hands must be adjusted at different positions during dissection for optimal endoscopy 
and instrumentation. Such adjustments are illustrated below for both left and right temporal bones (Figures 2, 
3). 


Drilling Technique: The author practices short-time drilling followed by irrigation and suction clearance 
sequentially with a single hand (his dominant hand) for bony dissection whenever necessary. Details of this 


technique were discussed in the previous chapter. 


Figure 2: Chronological pictures A, B, and C show the different adjusted positions of the surgeon's right (R) and 
left (L) hands during the dissection of various mastoid parts in the right temporal bone. 


Figure 3: Chronological pictures A, B, and C show the different adjusted positions of the surgeon's right (R) and 
left (L) hands during dissection of various mastoid parts in the left temporal bone. 


The dissection details: 


The steps of dissection are described chronologically below. For better understanding, each step is further 
explained under two headings: ‘Tasks’ and ‘Observations’. Tasks denote the dissection procedures, and 
observations denote the notable features. 


Step one: exposure of the posterior bony canal wall. 


Tasks: 
A deep skin incision is made in the canal roof at the 1 o’clock position in the right ear and the 11 o0’clock position 
in the left ear, extending from the scutum to the most lateral part of the external auditory canal. Then, with a 
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round-cutting knife, a skin incision is made in the posterior canal wall about 6-8 mm posterior to the tympanic 
annulus, extending vertically from the previous roof’s incision to the canal’s floor. A similar skin incision is 
made in the posterior canal wall, about 8—10 mm behind and parallel to the previous one. These incisions produce 
an anterior-inferior-based tympanomeatal and an inferior-based meatal skin flap (Figure 4). Flaps are elevated 
using a round-cutting knife and Plester’s flap knife. The meatal skin flap elevation may additionally require 
Wullstein’s curved raspatory. Elevation of these flaps eventually exposes the entire posterior bony canal wall. 


Observations: 


1. A tightly adherent part of the posterior canal skin in the tympanomastoid suture line sometimes helps to 
identify the suture line when it appears faint (Figure 5). 


The tympanomastoid suture line in the posterior canal wall. 


3. The notch of Rivinus: A groove in the scutum lateral to the neck of the malleus between the 


tympanomastoid and tympanosquamous sutures (Figure 6). 


Step Two: Exploratory mastoid antral window. 


Tasks: 


An antrostomy hole is then gradually created by cutting drill burrs of 2 mm in diameter in the posterior bony 
canal wall. The chosen site for the antrostomy hole is a point above the tympanomastoid suture line, 
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Figure 4: The map of the 
incisions for the anterior- 
inferior-based tympanomeatal 
flap (TMF) and the inferior- 
based meatal skin flap (MF) in 
the right ear. 


Figure 5: A tightly tacky part 
of the posterior canal skin 
(black-coloured arrow) in the 
tympanomastoid suture line in 
the right ear. 


Figure 6: Exposed posterior 
bony canal wall shows a faint 
tympanomastoid suture line 
(black-coloured arrowheads) 
and the notch of Rivinus (red- 
coloured arrowhead) in the 
right ear. 
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approximately 6-8 mm above and posterior from the free border of the scutum, where the roof and posterior 
wall of the external auditory canal meet (Figure 7). This newly created passage connects the external auditory 
canal with the mastoid antrum. After that, the hole is slightly enlarged to view the status of the mastoid antrum. 


Observations: 
1. Status of the mastoid antral mucosa. 


Figure 7: Pictures A and B show the site of the exploratory mastoid window and the 
exposed part of the mastoid antrum in the left ear. The blue-coloured arrows indicate 
the tympanomastoid suture. MA = the mastoid antrum. T = the tympanic cavity. 


Step Three: Exploratory attico-antrostomy. 


Tasks: 

This initial bony dissection of the scutum and the posterior canal wall starts from the notch of Rivinus. Then, it 
progresses posterior-superiorly over the tympanomastoid suture line and continues till the exposure of the 
anterior part of the mastoid antrum (Figures 8, 9). The sequential exposure of the body and the short process of 
the incus and lateral semi-circular canal in the pathway of dissection further guide this retrograde dissection. For 
dissection purposes, a house curette, pituitary punches, and a small cutting drill burr are used. A house curette is 
valid only for dissecting the scutum’s thin bone, and it is not the right choice for dissecting the thick bone of the 
posterior canal wall. Both pituitary punches and cutting drill burrs are perfect tools for posterior canal wall bone 
and scutum dissection. 


Observations: 
1. The direction of the dissection concerns the tympanomastoid suture line. 
2. The thickness of the posterior canal wall. 
3. The anatomical relationship among the short process of the incus, the lateral semi-circular canal, and 
the mastoid antrum (Figure 10). 


Figure 8: The initial dissection direction on the 
posterior canal wall (green-coloured arrowheads) 
concerning the tympanomastoid suture line (black- 
coloured arrowheads) in the right ear. 
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Figure 9: The anatomical relationship in the 
pathway of dissection among the short process of the 
incus (SP), the lateral semi-circular canal (LSC), and 
the antrum (A) in the right ear. 


Figure 10: After the exploratory attico-antrostomy 
in the right ear. Black-coloured arrowheads 
indicate the tympanomastoid suture line. A = the 
antrum, LSC = the lateral semi-circular canal, 
and SP = the short process of the incus. 


Step Four: Total mastoid antrostomy. 


Tasks: 
After removing almost the whole posterior bony canal wall, the entire mastoid antrum is exposed (Figure 11). 


After this step, no overhanging bony wall is left in the passage between the canal and mastoid antrum. 


Observations: 
1. Endoscopic anatomy of the K6mer’s septum, the lateral semi-circular canal, and mastoid antrum proper. 
2. The bony partition between the mastoid antrum proper and the tympanum lodges the mastoid segment 
of the facial nerve. 


Figure 11: The view after total mastoid antrostomy 
in the right ear. KS = the Korner’s septum. LSC= the 
lateral semi-circular canal. BP = the bony partition 
between the antrum proper and the tympanum, 
lodging the mastoid part of the facial nerve. PCW = 
the remnant of the posterior canal wall forming the 
lateral boundary of the previously mentioned bony 
partition. A = the antrum proper. 


Step Five: Exposure of the tegmen-mastoideum. 


Tasks: 

Initially, the height of the Körner’s septum is reduced to watch the medial part of the tegmen clearly. Mastoid 
cells lateral to this septum are first exenterated until the thin bluish-coloured tegmen is seen (Figure 12). After 
that, the mastoid cells medial to the septum are exenterated to expose the entire bluish-coloured tegmen- 
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mastoideum. A cutting drill burr is used initially until the dissection reaches near the tegmen; the rest of the 
dissection is carried out with a diamond burr. Dissection from the lateral to the medial part of the tegmen should 
be done cautiously as its height gradually reduces towards medially. 


Observations: 
1. Mastoid cells over the tegmen-mastoideum. 
2. The K6rner’s septum / Petrosquamosal lamina: A border between the medial petrosal and lateral 
squamous tegmen. 


3. The gradual slope of the tegmen towards its medial portion. 


Figure 12: The lateral portion (LTM) 
and medial portion (MTM) of the 
tegmen-mastoideum in relation to the 
base of the Körner’s septum (KS) in 
the right ear. 


Step Six: Exposure of the sino-dural angle and the sigmoid sinus plate. 


Tasks: 

Further posterolateral extension of the previous tegmen dissection towards the junction of the tegmen and lateral 
wall is done to expose the sino-dural angle. Exenteration of mastoid cells near the intersection of the tegmen, 
medial and posterior walls of the antrum eventually exposes the sigmoid sinus plate (Figures 13, 14). Mastoid 
cells are dissected out by using a cutting burr, and the area near the sinus plate is skeletonized with a diamond 
burr. 


Observations: 
1. The meeting point of the tegmen-mastoideum, the posterior wall, and the medial wall. 
2. Endoscopic anatomy of the sino-dural angle and the sigmoid sinus plate. 


Figure 13: This image shows the 
boundaries of the mastoid antrum in 
the right ear. MW= the medial wall of 
the mastoid antrum over the posterior 
cranial fossa. PW= the posterior wall 
comprising the mastoid cortex and the 
sigmoid sinus plate. SDA= the sino- 
dural angle. TM= the tegmen- 
mastoideum. 
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Step Seven: Approach to the mastoid tip. 


Tasks: 


Initially, the lower area in between the medial and posterior wall of the antrum proper is dissected in an inferior 


direction with a cutting drill burr (Figure 15). This initial 


floor (Figure 16). The bone between the newly formed ditch and the canal floor was lowered to make a 
downward slope from canal to ditch. Mastoid cells at the ditch's base are further exenterated until the thin bony 


plate is exposed. 


Observations: 
1. Cells at the mastoid tip area between the medial 
2. The ditch after initial dissection. 


averic temporal bone 


Figure 14: The exposed bony plate 
over the sigmoid sinus (SS) in the 
right ear. SDA= Sino-dural angle. 
TM= the tegmen-mastoideum. 


dissection produces a ditch inferior-medial to the canal 


and posterior wall of the antrum proper. 


3. The depth of the mastoid tip base from the canal floor level (Figure 17). 
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wall. F = the floor of the canal. 


Figure 15: This picture shows the 
direction of the dissection (black- 
coloured arrows) for the mastoid 
tip in the right ear. MW is the 


Figure 16: After initial dissection 
towards the mastoid tip in the right 
ear, a ditch (D) is made. MW = the 
medial wall of the mastoid antrum. 
PCW = the posterior bony canal 
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Figure 17: The depth of the mastoid 
tip base (BMT) in relation to the 
canal floor (F) in the right ear. 


Step Eight: Exposure of the mastoid segment of the facial nerve and approach to retrofacial 
cells. 


Tasks: 

Dissection begins just inferior to the short process of incus on the posterior surface of the bony partition in 
between the tympanum and antrum proper, in the plane of the incus (Figure 18). It is carried inferiorly and 
parallel to the posterolateral surface of the vertical segment of the facial nerve. The dissection is initially carried 
out with a cutting burr to remove the superficial retrofacial cells; after that, the diamond burr is used to 
skeletonize the area. Such meticulous dissection eventually exposes the pink-coloured fallopian canal of the 
facial nerve (Figure 19). After removing the fallopian canal's bony shell with a House-type curette, the whitish- 
coloured nerve sheath is exposed (Figure 20). The nerve sheath is incised by a Plester’s sickle knife to expose 
the nerve fibres (Figures 21, 22). The retrofacial cells situated at the posteromedial side of the mastoid part of 
the facial nerve are gradually exenterated by the cutting burr until the thin bony plate over the posterior semi- 
circular canal is exposed. 


Observations: 
1. Endoscopic anatomy of the fallopian canal of a mastoid segment of the facial nerve, nerve sheath, and 
nerve fibre. 
Anatomical relationship of the mastoid segment of the facial nerve with the posterior bony canal wall. 
3. Endoscopic anatomy of the retrofacial cells. 


Figure 18: The dissection for the mastoid 
segment of the facial nerve in the right ear. 
It begins at the posterior surface of the bony 
partition (BP) in the plane of the incus and 
progresses inferiorly (black arrowheads), 
paralleling the nerve. A = the mastoid 
antrum proper. 
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Figure 19: The black arrow indicates the 
exposed part of the fallopian canal of the 


facial nerve. RFC= retrofacial cells. 


Figure 20: Dissection of the thin bony 
layer of the fallopian canal by a House-type 
curette. 


Figure 21: Incision on the nerve sheath 
with the Plester’s Sickle knife. 


Figure 22: The red arrow indicates the 
exposed part of the facial nerve fibre, and 
the black arrow indicates the whitish- 
coloured nerve sheath in the right ear. 


Step Nine: Exposure of the semi-circular canals. 


Tasks: 

The dense bone of the lateral semi-circular canal is readily identified at the floor of the aditus-ad antrum. The 
posterior and superior semi-circular canals are submerged in the perilabyrinthine cells. The area, just medial to 
the mastoid segment of the facial nerve and inferior to the lateral semi-circular canal, is identified as the 
presumptive area of the posterior semi-circular canal (Figure 23). The perilabyrinthine cells in that presumptive 
area are exenterated with a cutting drill burr until the dense bone of the posterior semi-circular canal is visible 
(Figure 24). Further skeletonization of the posterior semi-circular canal wall is done with a diamond burr. The 
superior semi-circular canal's presumed location is near the aditus-ad antrum's medial wall (Figure 25). This 
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area is dissected with a diamond burr (Figure 26). Finally, a small cutting burr is used to open up the lumen of 
these three semi-circular bony canals (Figure 27). 


Observations: 
1. Anatomical relationship among the posterior semi-circular canal, the mastoid segment of the facial 
nerve, and the lateral semi-circular canal. 
2. Anatomical relationship among the superior semi-circular canal, the tegmen-mastoideum, and the lateral 
semi-circular canal. 


3. The long axis of these three semi-circular canals. 


Figure 23: This picture shows 
the presumed area of the 
posterior semi-circular canal 
(blue-coloured area) concerning 
the mastoid segment of the facial 
nerve (FN). 


Figure 24: Exposed dense bone of 
the posterior semi-circular canal 
(PSC) in the right ear. FN = the 
mastoid segment of the facial nerve. 
PCW = the remnant of the posterior 
canal wall. 


Figure 25: The blue-coloured 
area indicates the presumed 
location of the superior semi- 
circular canal in the medial wall of 
the aditus ad antrum in the right ear. 
LSC= the lateral semi-circular 
canal. TM= the tegmen 
mastoideum. 


Figure 26: Exposed lumen of the 
superior semi-circular bony canal 
(SSC) in the right ear. TM= the 
tegmen-mastoideum. LSC= the 
lateral semi-circular canal. 
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Figure 27: The exposed lumens of 
three semi-circular bony canals in 
the right ear. SSC= the superior 
semi-circular canal. LSC= the 
lateral semi-circular canal. PSC= 
the posterior semi-circular canal. 
FN= the mastoid segment of the 
facial nerve. 


Step Ten: Exposure of the Endolymphatic Sac. 


Tasks: 

The medial bony wall of mastoid antrum over the posterior cranial fossa in between the sigmoid sinus plate and 
the posterior semi-circular canal is skeletonized with a diamond burr. Donaldson’s line is imagined along the 
longitudinal axis of the lateral semi-circular canal, bisecting the posterior semi-circular canal, and finally running 
over the medial wall of the antrum towards the sigmoid sinus. Dissection just beneath this line near the sigmoid 
sinus is the exact location of the endolymphatic sac (Figure 28). The medial bony wall of mastoid antrum at the 
presumed area of the sac is further thinned out with a diamond burr. After that, the bone shell of that area is 
removed with a House curette to expose the endolymphatic sac (Figure 29). 


Observations: 
1. The location of the area of dissection for the endolymphatic sac in relation to the sigmoid sinus, the 
posterior semi-circular canal, and the mastoid segment of the facial nerve. 
2. Endoscopic anatomy of the endolymphatic sac and the vestibular aqueduct accompanying the 
endolymphatic duct. 


Figure 28: The red dotted line indicates 
Donaldson’s line. The green circle 
indicates the area to be dissected for the 
excavation of the endolymphatic sac in 
the right ear. PSC= the posterior semi- 
circular canal. FN= the mastoid segment 
of the facial nerve. MW= the medial wall 
of mastoid antrum. SS= the sigmoid 
sinus. 
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Figure 29: The black arrow indicates 
the exposed endolymphatic sac after 
dissection in the right ear. 


Step Eleven: Transcanal exposure of the mastoid segment of the facial nerve without entering 
the mastoid antrum. 


Tasks: 


The mastoid segment of the facial nerve could be exposed without exploring the mastoid antrum. The trajectory 


of the dissection divides these approaches into two: the posterior-medial approach and the anterior-medial 


approach (Figure 30). In both approaches, the pyramidal eminence is the solid landmark. 


Figure 30: An axial CT image of a left 
temporal bone shows the shadow of the 
mastoid segment of the facial nerve (red 
coloured arrowhead). Based on the 
trajectory of dissection, the blue and 
green arrows indicate the posterior- 
medial and anterior-medial approaches, 
respectively. 


A) Posterior-medial approach: With the cutting burr, the tympanic annulus and the posterior canal 
wall lateral to the retrotympanum are dissected out (retrotympanotomy) to facilitate the view of the 
pyramidal eminence in the retrotympanum. The chorda tympani nerve is transacted to extend this initial 
bony dissection posteriorly to get a clear view of the base of the pyramidal eminence. The bone at the 
base of the pyramidal eminence is thinned out with a diamond burr and later dissected out with a House 
micro-curette to expose the nerve sheath of the second genu. A vertical plane descending from this 
exposed second genu towards the floor of the external auditory canal is imagined to guide the subsequent 
dissection towards the location of the mastoid segment of the facial nerve. With the cutting burr, bony 
dissection is carried out along this imaginary vertical plane. Care is taken to stay away from unnecessary 
disruption of the mastoid air cells by avoiding dissection more posterior-medially. When this dissection 
reaches just near the location of the mastoid segment of the facial nerve, the remaining bone along this 
vertical plane is thinned with a diamond burr. Later, this thin bone is dissected with a House micro- 
curette to expose the nerve sheath of the mastoid segment of the facial nerve. Figure 31 shows the 
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successive endoscopic images of the posterior-medial approach to the mastoid segment of the facial 


nerve. 


Figure 31: Pictures A to E show the consecutive endoscopic images of the posterior-medial approach to the 
mastoid segment of the facial nerve in the left ear. Legends are mentioned separately. 


B) Anterior-medial approach: Initially, with a cutting burr, a partial retrotympanotomy is done under 
the tympanomastoid suture line to expose the base of the pyramidal eminence clearly. This approach 
doesn't sacrifice the chorda tympani nerve. A vertical plane on the posterior canal wall descending from 
the base of the pyramidal eminence towards the floor of the external auditory canal is imagined to guide 
the subsequent dissection towards the location of the mastoid segment of the facial nerve. Then, with a 
cutting burr, bony dissection is carried out along this imaginary vertical plane on the posterior canal 
wall in an ante-grade fashion. The dissection progressed gradually from above to below. Care is taken 
to avoid unnecessary disruption of the mastoid air cells by avoiding dissection more posterior-medially. 
The bone at the base of the pyramidal eminence is thinned with a diamond burr. Later, this thin bone is 
dissected with a House micro-curette to expose the nerve sheath of the second genu. The remaining 
bone over the mastoid segment of the facial nerve along the vertical plane is further thinned with a 
diamond burr. Later, this thin bone was dissected with a House micro-curate to expose the nerve sheath 
of the mastoid segment of the facial nerve. Figure 32 shows the successive endoscopic images of the 
anterior-medial approach to the mastoid segment of the facial nerve. 


Observations: 
1. The position of the mastoid segment of the facial nerve concerns the surface of the posterior bony canal 
wall. 
2. The angle between the mastoid and the tympanic parts of the facial nerve at the second genu, whether 
obtuse or acute. 
3. The sway of the mastoid segment of the facial nerve concerning the sagittal plane, whether medial or 
lateral. 
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D E , 

Figure 32: Pictures A to E show the consecutive endoscopic images of the anterior-medial approach to the 
mastoid segment of the facial nerve in the right ear. Notably, this approach preserves the chorda tympanic nerve. 
Legends are mentioned separately. 


Conclusion: 


The author’s method of dissection is perhaps the first attempt in medical literature to mention the practice of 
transcanal endoscopic mastoid dissection on a cadaver in detail. Certain anatomical landmarks always guide 
such a dissection. The tympanomastoid suture line guides the retrograde dissection of the posterior canal wall to 
secure access to the mastoid antrum. The dome of the lateral semi-circular canal helps in excavating other semi- 
circular canals. The pyramidal process of the retrotympanum acts as a lighthouse to identify the mastoid segment 
of the facial nerve. The practice of such an endoscopic dissection on cadaveric temporal bone will improve the 
confidence of the surgeon in performing transcanal endoscopic mastoid procedures on living patients. 
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Introduction: 


Cholesteatoma, a misnamed disease, commonly occurs in the middle ear cleft. It expands at the expense of 
surrounding normal bone and soft tissues. Cholesteatoma can happen at birth (congenital) or later in life 
(acquired). Acquired cholesteatoma is more common than its congenital verity. Cholesteatoma usually has an 
outer perimatrix, middle squamous epithelial, and inner keratin layers. Histologically, the higher cellular content 
in the perimatrix layer of paediatric acquired cholesteatoma is thought to be the reason for its more aggressive 
behaviour than its adult counterpart (1). Currently, the only viable treatment option for cholesteatoma is surgery. 
Recidivism will occur in the event of failure to remove the entire cholesteatoma or if the causative factors 
continue to exist. Conventionally, mastoidectomy for cholesteatoma involves multiple approaches using various 
techniques. Generally, surgeons prefer to perform the open-cavity procedure in cases of poor eustachian tube 
function, as predicted by the presence of a sclerotic mastoid in a pre-operative CT image. 


In otology, the transcanal endoscopic approach to the middle ear and mastoid is a revolutionary idea. It is 
considered to be the least intrusive method since it makes use of the natural external auditory canal to reach the 
affected area. The transcanal endoscopic approach for the tympanic and limited attic cholesteatoma has already 
gained a strong foothold in ear surgery. Surgeons are just beginning to adopt the transcanal endoscopic technique 
for the mastoid antrum, but very slowly (2, 3, 4, 5, 6, 7). The transcanal endoscopic mastoid method allows a 
variety of surgical procedures, much like traditional approaches. The appropriate application of these endoscopic 
procedures predominantly depends on the pre-operative assessment and per-operative findings. This endoscopic 
approach can handle the extensive mastoid cholesteatoma and its associated lesions, such as a semi-circular canal 
fistula, eroded cranial bone, etc. However, in some situations, conventional mastoid approaches are preferable. 
Following the excision of cholesteatoma, this transcanal endoscopic approach permits the exposed mastoid 
cavity to be maintained open, closed, or obliterated with grafts. The creation of an exploratory mastoid window 
confirms the presumed expansion of attic cholesteatoma to the mastoid antrum. Besides its advantages, the 
transcanal endoscopic mastoid method has some difficulties. The notable hitch is the single-hand tactic. 


Since 2009, the author has been performing this transcanal endoscopic mastoid approach for mastoid 
cholesteatoma. He observed several aspects of his and others studied cases throughout this extended period of 
time. Before developing a conclusive protocol, he had gone through a process of trial and error. This chapter 
reflects his perceptions regarding many facets of this newly developed endoscopic approach. 
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Benefits: 


Better access in certain situations: 

This endoscopic approach is preferable in the presence of the low-lying tegmen or the anteriorly placed sigmoid 
sinus (Figure 1). These conditions frequently obstruct the visualisation of the cholesteatoma hidden in the medial 
wall of the attic and the antrum while employing conventional approaches. In such situations, the endoscope's 
wide-angle vision promptly visualises those hidden spots through the transcanal route. 


Figure 1: A low-lying tegmen (black star) in 
a right ear mastoid antrum. 


Minimal invasive procedure: 

Compared to the other approaches, this endoscopic approach manipulates the least amount of bone and tissues 
while making its passage to excise the mastoid antral cholesteatoma. The minimally invasive nature of this 
endoscopic approach encourages early wound healing. 


Complete surgery in a single setup: 

Nowadays, traditional microscopic approaches for cholesteatoma encourage the incorporation of an endoscopic 
facility to effectively remove the cholesteatoma from hidden pockets of the middle ear. This involves two setups 
at a time: a microscope and an endoscope. If the whole surgical procedure is done under an endoscopic setup, 
the cost of a microscope setup will be spared. 


Aesthetic advantage: 

The aesthetic benefit is the foremost appealing feature of the transcanal endoscopic mastoid approach. There 
would be no visible scar in the closed cavity procedure or the small open cavity procedure without meatoplasty 
since all the incision marks remain within the external auditory canal. However, the unavoidable incision marks 
of the meatoplasty or the graft harvesting site would produce, as expected, the only visible scar(s). 


Postoperative neuropathy of the cutaneous nerve often turns out to be hyperesthesia or pain at the external 
incision site in the post-auricular and endaural approaches. The chance of such a complication is less in the 
transcanal endoscopic approach because of its minimal incisions. The extremely infected mastoid cholesteatoma 
occasionally causes post-auricular abscess formation. This post-auricular abscess may thin out the overlying skin 
and subcutaneous tissues. In such a situation, removing the underlying supporting cortical bone, as invariably 
done in the post-auricular mastoid approach, makes the overlying thin skin vulnerable to breaking, which may 


lead to post-auricular fistula formation (Figure 2). The presence of the burst post-auricular abscess further 
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increases the risk of fistula formation. While handling such a case through the transcanal endoscopic mastoid 
approach, this procedure removes the entire cholesteatoma through the external auditory canal, keeping the outer 
mastoid cortex intact, and involves simple surgical toileting of the abscess. This policy would completely resolve 
the post-auricular abscess and successfully avoid fistula formation (Figure 3). 


Figure 2: The blue-coloured 
arrow shows a cutaneous 
fistula in a bad-looking right 
ear post-auricular surgical scar. 


Short hospital stay: 

This approach is mostly practiced as a day-case surgery. It does not involve mastoid pressure dressing, which 
usually requires an overnight hospital stay. After completely waning from general anaesthesia, most patients can 
be discharged after 6-8 hours of observation. A short hospital stay would reduce the hospital cost. 


Before Surgery After Surgery 


Figure 3: Before and after surgical images of a case with right ear attico-antral cholesteatoma and a burst 
postauricular abscess. The cholesteatoma was removed through a transcanal endoscopic approach, and the 
postauricular abscess was toileted with a simple incision. 


Contraindications of transcanal endoscopic approaches: 


Absolute contraindication: The canal atresia and the narrow external auditory canal that does not provide space 
to pass the available narrowest endoscope (oto-endoscope of 2.7 mm diameter) are the absolute contraindications 
of the transcanal endoscopic mastoid approach. 
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Relative contraindication: The transcanal endoscopic mastoid approach is relatively contraindicated for the 
solitary encapsulated type of congenital cholesteatoma in the well-pneumatized mastoid, as it can be solved 


preferably by the traditional postauricular canal wall-up approach. 


Pre-operative evaluation: 


Clinical assessment: Assessing the size and shape of the patient’s meatus is essential since a narrow, collapsed 
meatus will demand meatoplasty, especially in the open-cavity procedure. The easy passage of a 4 mm-diameter 
endoscope into the external auditory canal ensures external meatal adequacy. The narrow canal will require 
canaloplasty. The condition of the ossicular chain and the tympanic membrane determines the type of necessary 
tympanoplasty. Any positive clinical features of the intracranial complications, such as a history of vertigo, 
headache, or positive fistula sign, warn the surgeon about the possible erosion of the labyrinthine bones or the 
cranial fossae. The presence of preoperative facial nerve palsy predicts the potential erosion in the fallopian 
canal and necessitates very meticulous dissection near the fallopian canal. The patient’s audiological hearing 
status is also an important aspect to be noted. 


Mastoid bone imaging: The high-resolution CT scan of the mastoid bones is a routine investigation required 
in every cholesteatoma case. The independent homogenous soft tissue shadow with smooth eroded antrum’s 
wall, widened aditus ad antrum (loss of figure of ‘8°), eroded trabeculations, disfiguration of the malleus head 
and incus body (loss of ice cream cone appearance), and sclerosed mastoid are the hallmarks of the mastoid 
antral cholesteatoma (8, 9). CT imaging also depicts any bony erosion in the tegmen, the sinus plate, the semi- 
circular, and the fallopian canal. The specificity for detecting the extension of the cholesteatoma by CT imaging 
is around 80% (10). However, the main drawback of CT imaging is that it cannot differentiate the inflammatory 
tissue from the cholesteatoma. Cases that require such differentiation should involve non-echo-planar diffusion- 
weighted MR (non-EP DW) imaging. 


Non-EP MRI is beneficial in detecting post-surgical recurrent cholesteatoma. However, the sensitivity of non- 
EP DW MRI to detect recurrent cholesteatoma varies among different studies, ranging from 77% to 100% (11). 
This means there is a possibility of false negative results. In CT imaging, various types of congenital 
cholesteatoma show their specific morphology. The encapsulated or closed type of congenital cholesteatoma 
usually appears as a rounded soft mass; on the contrary, the invasive or open type appears as an irregular, 
surfaced soft mass (12). Preoperative detection of invasive congenital cholesteatoma is essential since it has a 


high possibility of recurrence and requires extensive surgery. 


Bone erosion by cholesteatoma is an inevitable phenomenon explained by various mechanisms. Besides the bone 
erosion, histologically, the new bone is also seen to have formed in the mastoid bone as an inflammatory response 
to cholesteatoma (13). These two events, bone erosion and bone remodelling, ultimately modify the original size 
and shape of the mastoid antrum and transform the pneumatized mastoid into the sclerosed mastoid bone. So, 
the size of the mastoid antrum in a diseased ear could be variable (Figure 4). CT imaging of mastoid bones helps 
to predict the ultimate size of the mastoid cavity at the end of surgery. In the transcanal endoscopic open cavity 


approach, the small mastoid antrum will produce a small mastoid cavity and, in the presence of a wide external 
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meatus, does not require meatoplasty. On the contrary, a large or small cavity with a narrow external meatus 
always demands meatoplasty for its post-operative adequate ventilation and self-toileting. 


Figure 4: Coronal CT scans reveal three sclerotic right ear mastoid bones having different-sized antrums 
in the presence of cholesteatoma. Images A and C depict the smallest and biggest-sized mastoid antrums, 
respectively. Image B shows a medium-sized mastoid antrum. 


Culture sensitivity test of aural discharge: However, culture sensitivity of aural discharge is not done 
routinely; it is mandatory in long-standing persistent discharge and revision surgery. The emergence of 
Pseudomonas infections resistant to commonly used antibiotics is often found in those situations. The pre- 
operative culture sensitivity of aural discharge will guide the surgeon in choosing the appropriate antibiotic(s). 


Surgical Planning: 


The different factors play a vital role in making the ultimate surgical decision for mastoid cholesteatoma. These 
include the character of the cholesteatoma, the patient’s age, the mastoid’s cellularity, the patient’s socio- 
economic condition, the efficacy of the procedure, etc. Paediatric cholesteatoma is usually more aggressive than 
the adult age group and frequently demands extensive dissection (14, 15). Although the transcanal endoscopic 
mastoid approach can effectively manage all types of cholesteatoma and its related lesions, it cannot always be 
preferred. For example, in the well-pneumatized mastoid, the cholesteatoma can be better managed by the 
traditional canal wall-up approach, provided the patient’s socio-economic condition can afford the cost of a 
second surgery whenever needed. Dealing with such a case by transcanal endoscopic closed cavity procedure 
would often produce significant surgical defects in the posterior canal wall, and the reconstruction of this sizeable 
surgical defect is always tricky. Even if successful, its contour would not be similar to the normal anatomy of 
the canal wall. 


On the contrary, in the presence of certain anatomical variations of the mastoid, e.g., the low-lying tegmen and 
the anteriorly placed sigmoid sinus, which hamper the deeper view of the attic and antrum, the transcanal 
endoscopic mastoid approach is preferred. The surgical decision may differ among surgeons as it depends on 
individual judgement, practice, and skill. Figure 5 shows a diagram of the surgical protocols practiced by the 
author. 


OT setup: The operation theatre arrangement for transcanal endoscopic mastoid surgery is similar to that for 


endoscopic middle ear surgery. 
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Figure 5: The protocol practiced by the author. 


Anaesthesia: Transcanal endoscopic mastoid surgery is always done under general anaesthesia. However, local 
anaesthesia can be employed in some revision cases where the patient cooperates and the procedure requires a 
short time. 


Drilling Technique: Whenever necessary, the author uses his unique and inventive drilling method for bone 
dissection, which consists of short-time drilling followed by irrigation and suction clearance sequentially with a 
single hand (16). Other methods of single-handed drilling include the "Hydro-mastoidectomy technique” and the 
"Chop-stick technique." In the chop-stick technique, surgeons hold the drill handpiece and suction nuzzle in the 
same way people used to grip the chop-stick (17). The hydro-mastoidectomy technique is a type of underwater 
drilling in which the endoscope's endo-sheath supplies saline water, keeping the drilling region submerged (18). 
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Surgical atlas of transcanal endoscopic mastoid procedures: 


Step 1: Adjustment of the endoscopic vision. 

During surgery, the endoscopic views of the procedures are always tried to keep at the anatomical position, 
which means the superior, inferior, posterior, and anterior parts of the surgical field will remain on the same 
respective sides in the endoscopic vision (Figure 6). The endoscopic image navigator, which indicates the 
anatomical horizontal plane, can also guide the endoscopic surgical field. The surgeon holds the endoscope with 


the non-dominant hand and performs all the necessary instrumentation with the dominant hand. 


Figure 6: The endoscopic view of a right ear 
cholesteatoma after the endoscope was 
adjusted so that the attic was viewed on top. 
This adjustment was tried to be maintained 
throughout the surgery. The blue arrow 
shows the endoscopic image navigator's 
position, which indicates the anatomical 
horizontal plane. 


Step 2: Infiltration of the local vasoconstrictor agent into the meatal skin. 

Infiltration of the local anaesthetic with a vasoconstrictor agent (e.g., injection of lidocaine with epinephrine 2: 
0.0005) is done at the four corners of the junction between the hairy and non-hairy parts of the external auditory 
meatal skin and at the lateral flap areas (Figure 7). This reduces the bleeding during the flap elevation. 


Figure 7: Infiltration of the 
local vasoconstrictor agent into 
the meatal skin of the right ear. 


Step 3: Trimming of the meatal skin hairs. 

The meatal skin hairs need to be trimmed to eliminate the fogging of the endoscope’s lens caused by the smear 
of wet hairs (Figure 8). This hair trimming can be done earlier in the day before surgery in the outpatient 
department, which would reduce the overall timing of the surgery. 
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Figure 8: Trimming of the 
meatal skin hairs. 


Step 4: Elevation of a tympanomeatal flap. 

A laterally extending meatal skin incision is given on the roof of the external auditory canal at the 1 o’clock 
position in the case of a right ear and the 11 o’clock position in the case of a left ear. To elevate an anterior- 
inferior-based tympanomeatal flap, a curved meatal skin incision about 6-8 mm lateral to the tympanic annulus 
is made, extending from the previous roof incision towards the floor. (Figure 9). A sharp dissection is needed 
to separate the tympanomeatal flap from the tympanomastoid suture line, the attached margin of the 
cholesteatoma, and, if present, the malleus handle. After the elevation of this flap, an initial assessment of 
tympanic cholesteatoma is done (Figure 10). 


Figure 9: This picture shows the meatal skin incisions needed to elevate an anterior-inferior-based tympanomeatal 
flap in the right ear. Image A shows a laterally extending meatal skin incision starting at the 1 o’clock position. 
Image B shows a curved meatal skin incision about 6-8 mm lateral to the tympanic annulus, extending from the 
previous roof incision towards the floor. 


Figure 10: Part of the posterior canal 
wall, scutum, and tympanic cavity after 
the elevation of an anterior-inferior-based 
tympanomeatal flap in the right ear. Blue 
arrows indicate the tympanomastoid 
suture line in the posterior canal wall. 


Step 5: Atticotomy. 

The outer attic’s wall (scutum) is next to dissect. Before starting such a dissection, the chorda tympani nerve 
should be identified and kept away from the dissection area. For bony dissection, the Ferris-Smith-Kerrison 
pituitary punches with 1 and 1 % mm punched areas, the House Curette, or drilling with small burrs can be used. 
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When the cholesteatoma occupies the attic entirely, as it usually happens, removing the remnant of the head of 
the malleus and the incus exposes the entire attic area, thus facilitating the excision of the cholesteatoma from 
the attic. Rubbing the facial nerve area with a piece of cotton held at the tip of a sucker nozzle or a micro-elevator 
is auseful technique to separate the cholesteatoma from that delicate area. Various steps of atticotomy are shown 
in Figure 11. 
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Figure 11: Sequential images of an atticotomy in the right ear. Image A shows the excision of the outer attic 
wall by a pituitary bone punch. The blue arrow indicates the tympanomastoid suture. Image B shows the drilling 
of the outer attic wall with a burr. Image C shows the incus and malleus bone parts in the exposed attic. Image 
D shows the removal of ossicular parts from the attic. Image E shows that the attic cholesteatoma remained 
medial to the ossicles. Image F shows the separation of the cholesteatoma matrix from the medial attic wall. 
Image G shows the removal of separated parts of the cholesteatoma from the attic wall. Image H shows the 
separation of the cholesteatoma matrix present over the tympanic part of the facial nerve (FN) by rubbing a 
cotton piece kept at the tip of a suction nozzle. Image I shows, after the excision of the attic cholesteatoma, the 
exposed attic (A), tympanic part of the facial nerve (FN), the chorda tympani nerve (CTN), the stapes head (S), 
and the tympanic cavity (T). 


Step 6: Elevation of a meatal skin flap. 
After complete excision of the attic cholesteatoma, an 8—10 mm-wide inferior-based meatal skin flap extending 
from the previous roof incision towards the floor is made and elevated (Figure 12). 
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Figure 12: This picture shows the meatal skin incisions needed to elevate an inferior-based meatal flap 
in the right ear. Image A shows the lateral extension of the previous roof incision. Image B shows a 10— 
12 millimetre-wide inferior-based meatal skin flap extending from the roof incision towards the floor. 


Step 7: Retrograde dissection of the posterior bony canal wall. 

A retrograde dissection is carried out on the posterior canal wall, starting from the posterior bony margin of the 
exposed attic. The tympanic portion of the facial nerve, the short process of the incus (if present), the dome of 
the lateral semi-circular canal, and the tympanomastoid suture are regarded by the author as critical landmarks 
for the posterior canal wall dissection after concerning Marchioni's observation and author’s own experience 
(19, 20). 


This retrograde dissection initially goes above the tympanomastoid suture line, keeping an eye on the position 
of the dome of the lateral semi-circular canal and the posterior part of the tympanic segment of the facial nerve 
(Figure 13). A probe is often used to navigate the direction and measure the depth of the antral hidden part 
(Figure 14). Adequate exposure of the mastoid antrum ensures the complete excision of the antral cholesteatoma 
(Figure 15). The dissection work is consistently done under 0-degree endoscopic vision. The corner areas, such 
as the sino-dural angle and the medial aspect of the lateral mastoid cortex, may occasionally require support with 
a 30-degree endoscope for clearing the cholesteatoma matrix. 


Figure 13: The retrograde dissection of the right ear posterior canal wall. In image A, the blue arrow indicates 
the tympanomastoid suture line, and the green arrows show the initial dissection path above the suture line. This 
retrograde dissection of bone can be done either by a bone punch (image B) or by drilling with a cutting burr 
(image C). 


It is preferable to use a curette or bone punch to dissect the part of the canal wall present just next to the second 
genu of the facial nerve, since this will avoid the risk of thermal injury to the facial nerve by the frictional heat 
of the drilling burr. All the infected mastoid mucosae and residual peri-antral cells are exenterated by drilling or 
curettage (Figures 16, 17). This will smooth the exposed mastoid surface. 
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Figure 14: This figure shows a drawing and successive images depicting the mastoid antrum’s depth 
assessment behind the posterior canal wall by a probe to navigate the dissection. 


Figure 15: Sequential images for the excision of the antral cholesteatoma. In image A, the cholesteatoma matrix 
is seen in the wall of the exposed mastoid antrum (MA). Images B and C show the removal of the cholesteatoma 
from the mastoid antrum. After this, a clean mastoid antrum with some granulation tissues is seen in image D. 


Figure 16: The exenteration of the periantral cells and infected mucosa by drilling with burrs in a large 
mastoid antrum (Images A & B) and a small mastoid antrum (Images C & D). MA = the mastoid antrum. 
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Figure 17: The curettage of 
residual periantral cells with 
a curette. 


Step 8: Estimation of the size of the exposed mastoid antrum. 

After complete excision of the mastoid antral cholesteatoma, the exposed antrum’s size is assessed by keeping 
the tip of a 0-degree, four-mm-diameter endoscope at the entrance of the external auditory meatus. Figure 18 
below shows a comparative picture of a small and large antrum. A small mastoid antrum has a minimal 
posterolateral extension, so the endoscopic view can keep the attic and the extreme lateral border of this small 
antrum within the same frame. On the other hand, a large antrum has a significant posterolateral extension behind 
the mastoid cortex. A suprameatal part of the mastoid cortex has to be removed to visualise the extreme lateral 
border of this large antrum while keeping the endoscopic tip at the entrance of the external auditory meatus. A 
small mastoid antrum has two options for its management. The first option is to repair the surgical defect of the 
posterior canal wall with a composite tragal/conchal cartilage graft or cortical bone graft (endoscopic closed- 
cavity procedure). The second option is to keep it open with the attic as a single cavity (open-cavity procedure). 
The large-size mastoid antrum also has two options. The first option is to partly obliterate the large mastoid 
cavity (endoscopic mastoid obliteration), and the second is to keep it open with the attic as a single cavity (open- 
cavity procedure). 


Figure 18: Comparison between a small (image A) and large-sized (image B) antrum. In image A, the 
endoscopic view can keep the attic and the extreme lateral border (green arrow) of the small-sized antrum 
within the same frame, while the endoscope’s tip is kept at the entrance of the external auditory canal. In 
image B, a significant part of the large antrum’s posterolateral extension (the light area of the blue arrow) 
remains hidden behind the mastoid cortex while observing from the same point. 


Step 9a: Transcanal endoscopic closed-cavity procedure for a small mastoid antrum. 

If the posterior canal wall is planned to be reconstructed, a small amount of bone is kept at the periphery of the 
mastoid antrum to support the graft. A harvested composite tragal/conchal cartilage (cartilage with 
perichondrium) graft is used to reconstruct the posterior canal wall to cover the exposed mastoid antrum (Figure 
19). Alternatively, a harvested cortical bone graft can be reshaped to reconstruct the posterior canal wall. This 
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reconstructed canal wall can be further reinforced by placing the temporalis fascia over it. After this, the meatal 
skin flap is repositioned and fixed with pieces of gelfoam. 


Figure 19: Sequential images of the transcanal endoscopic closed cavity procedure. Image A shows the 
reconstruction of the posterior canal wall with a composite cartilage graft to cover the exposed mastoid antrum 
(MA). Image B shows the final appearance of the reconstructed posterior canal wall (RPW). 


Step 9b: Transcanal endoscopic open-cavity procedure for a small mastoid antrum. 

For this purpose, more bone at the peripheral edge of the cavity needs to be dissected. While performing this 
dissection, the surgeon should keep the tip of the endoscope at the entrance of the external auditory meatus. 
Otherwise, if the endoscope tip is kept very close to the cavity's peripheral border, the endoscope's wide-angle 
view will give a false perception of the completeness of dissection and leave an overhanging bone at the 
periphery of the cavity. This overhanging bone will postoperatively hamper the easy toileting of the cavity. The 
surgeon must be alert to this particular deceiving character of the wide-angle endoscopic view and should always 
check the position of the tip of the endoscope while performing such a dissection. Part of the canal wall near the 
second genu of the facial nerve is preferably dissected with a curette or bone punch to avoid thermal injury to 
this nerve. The bony surface of the mastoid cavity is usually covered with a sizeable perichondrial fascia graft, 
and the meatal skin flaps (Figure 20). Pieces of gelfoam are used to fix skin flaps and grafts. This open procedure 
will include meatoplasty in the presence of the collapsed and narrow external meatus. Otherwise, the surgery 
ends without a meatoplasty. 


Figure 20: Transcanal endoscopic open cavity procedure in a small-sized mastoid antrum of the right 
ear. Image A shows a clean and small mastoid antrum. After covering the bony surface with fascia(s) and 
flaps (image B), this mastoid antrum (MA) and the attic (A) is kept open. LSC = The lateral semi-circular 
canal. 
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Step 9c: Transcanal endoscopic cavity obliteration for a large mastoid antrum. 
In this procedure, the exposed mastoid antrum is filled with bone graft pieces collected from the outer cortex of 
the cranial bone (Figure 21). Alternatively, bone dust or pate could be used. Later, the bone grafts are reinforced 
by the temporalis fascia graft. Pieces of gelfoam are used to fix skin flaps and grafts. 


Figure 21: Various events of the transcanal endoscopic mastoid obliteration procedure in the left ear. Image 
A shows the harvest of a large cortical bone graft. This large bone graft is cut into small pieces to fill the 
mastoid antrum (image B). These bone pieces are further reinforced by the fascia and meatal skin flaps 
(image C). 


Step 9d: Transcanal endoscopic open-cavity procedure for a large mastoid antrum. 

Unlike the small mastoid antrum, this large mastoid antrum has a significant posterolateral extension behind the 
mastoid cortical bone. The widening of the external meatus (meatoplasty) and the removal of the suprameatal 
mastoid cortex part hooding over the lateral extension of the large antrum are necessary for the easy postoperative 
cleaning of the mastoid cavity. For this purpose, a large lateral-based meatal skin flap and two small parallel 
inferior-based flaps are elevated. It is also a worthy policy to elevate such meatoplastic flaps early in the presence 
of a narrow external meatus before pursuing subsequent dissection procedures. The upper incision of this lateral- 
based meatoplastic flap is the lateral extension of the previous roof incision, which extends laterally up to the 
lateral border of the incisura terminalis. The lateral point of this incision mark usually remains invisible 
externally. The lower incision for the lateral-based flap starts at around 9 o’clock position in the right ear and 3 
o’clock position in the left ear, then it extends laterally just a few millimetres over the conchal cartilage. The 
meatal skin flap below this lateral flap is separated by an additional curved incision into the two inferior-based 
flaps. After completing these incisions, the skins of the flaps are separated from the underlying tissues. Later, 
these subcutaneous tissues and part of the conchal cartilage up to their underlying bones are excised. After this, 
a Plester's-type intra-aural retractor is used to retract all elevated meatoplastic flaps to expose the underlying 


mastoid cortical bone. Figure 22 elaborates on this skin flap elevation procedure. 


A chisel with a 4 mm cutting edge or drilling with cutting burrs or bone punches can be used to remove the 
exposed mastoid cortex at the periphery of the mastoid antrum (Figure 23). This bony dissection will produce a 
gradual slope from the external ear to the base of the cavity. The peripheral bony edges of the mastoid cavity are 
smoothed by drilling with a diamond burr. The surgeon should keep the tip of the endoscope at the entrance of 
the external meatus while dissecting the bony periphery of the cavity under an endoscopic view to avoid the 


overhanging bone left over. Figure 24 shows a large mastoid cavity prepared. 
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Figure 22: Sequential images of the meatoplastic flap elevation in the right ear. Image A shows the marked areas 
of three skin flaps: 1 indicates the lateral-based flap, and 2 and 3 indicate the inferior-based flaps. Images B and 
C show the incision and separation of skin flaps from underlying tissues. Image D shows the view after retracting 
the skin flaps with a Plester's-type intra-aural retractor. 


Figure 23: Consecutive images of the mastoid cortex removal that partly covers the posterolateral 
part of a large right ear mastoid antrum. Image A shows the area (marked by blue dots) that has to 
be removed. Image B and C show the dissection of this bone by using cutting drill burrs. Image D 
shows the smoothening of the peripheral margin with a diamond burr. 


The author uses a large piece of tragal perichondrium to separate the tympanic cavity from the mastoid cavity 
by placing it over the superior part of the tympanic graft and the adjacent bony surface. The temporalis fascia 
covers the rest of the bony surface of the mastoid cavity. The metal skin and the meatoplastic flaps are 
repositioned over it. However, covering the entire exposed mastoid antrum with a large temporalis fascia is not 
mandatory since good epithelialization was observed in the entire large mastoid cavity postoperatively despite 
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keeping tiny mastoid areas uncovered with fascia. Figure 25 shows the arrangement of fascias and flaps. Pieces 
of gelfoam are used to fix skin flaps and grafts. 


Figure 24: A large right ear mastoid antrum prepared by a transcanal endoscopic open cavity procedure. Image 
A shows the mastoid antrum proper (MA) with its lateral extension. Image B shows the anterior part of this 
mastoid antrum and the attic area (A). LSC= the lateral semi-circular canal. 


Figure 25: The arrangement of the fascias and flaps in the right ear. Image A shows the placement of a 
perichondrial fascia (PG) over the superior part of the tympanic graft and the adjacent anterior mastoid 
antrum. Image B shows the placement of the lateral flap (LF) and the temporal fascia to cover the rest of the 
bony surface of the mastoid antrum. 


Step 10: Tympanoplasty. 

In the presence of a mobile foot plate of stapes, various types of ossiculoplasty can be performed depending on 
the condition of the middle ear ossicles (Figure 26). The tympanic defect is repaired by harvesting a graft from 
the tragal cartilage or the temporalis fascia. The author mainly uses the tragal cartilage to repair the tympanic 
defect. 


Figure 26: This picture shows the 
placement of a Teflon-made total 
ossicular prosthesis (TORP) over 
the mobile footplate of the stapes 
in the right ear. 
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Step 11: Management of flaps and grafts, harvesting wounds. 

The external auditory canal and the mastoid cavity (in the case of open cavity procedures) are packed with pieces 
of Gelfoam. The surgical skin wound(s) at the graft(s) harvesting site is closed by stitches. A piece of medicated 
gauze dressing (e.g., Sofra-Tulle) is placed at the external meatus and fixed with a small piece of medicated 
pack. A large piece of cotton is tightly placed over the medicated packs to soak up the fluids that usually come 
out during the postoperative times. There is no need for formal mastoid bandages. Figure 27 represents the ear 
dressing at the end of surgery. 


Figure 27: Successive images of the dressing done at the end of the transcanal endoscopic 
mastoid procedure in the right ear. Image A shows the view of the mastoid cavity from the 
external meatus. Image B shows the packing of the external auditory canal and mastoid cavity 
with pieces of gelfoam. Images C and D show the external dressing used. 


Surgical atlas of the transcanal endoscopic exploratory mastoid window 
procedure: 


Whenever necessary, before endeavouring to open the entire mastoid antrum, the surgeon can open an 
observatory window around 3—4 mm in diameter in the posterior canal wall by drilling with a 2 mm-diameter 
cutting burr above the tympanomastoid suture line around 6-8 mm posterior-superior to the bony tympanic 
annulus (Figure 28). This window will be enlarged further to allow a 2.7-mm endoscope to be passed through 
to observe the mastoid antrum's condition. Later, in the absence of the antral cholesteatoma, the surgeon can 
easily seal off this window with a composite cartilage graft (e.g., a composite tragal cartilage graft). On the other 
hand, this window can be connected with the atticotomy in the presence of the antral cholesteatoma. Figure 29 
presents an extension of the attic cholesteatoma in the antrum, peeping through the observatory antral window 
created in the posterior canal wall. 
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Figure 28: Sequential images of the left ear transcanal endoscopic exploratory mastoid window 
procedure. Image A shows the preferred site of the dissection concerning the tympanomastoid suture line 
(as indicated by the blue arrow). Images B and C are consecutive dissection views. Image D shows the 
exposed mastoid antrum (MA) through this window. 


B 


Figure 29: Image A shows the antral cholesteatoma (blue arrow) peeping through a mastoid 
antral window in a right ear created by the transcanal endoscopic approach. Image B shows the 
removal of cholesteatoma through the mastoid antral window. T = tympanic cavity. 


Postoperative Care: 


Transcanal endoscopic mastoidectomy procedures are usually done as day-case surgeries. Patients with the 
necessary home-care guidelines can be discharged after 6—8 hours of observation. They are advised to change 
the outer cotton ball of the operated ear at home whenever it soaks. In the initial postoperative follow-up visits, 
patients attend the outpatient department weekly; later, their visiting schedules are tailored as needed. 


Difficulties: 


Single-handed procedures: 
Like endoscopic middle ear surgery, transcanal endoscopic mastoid surgery is also a single-handed surgical 


procedure where the surgeon holds the endoscope with his non-dominant hand and performs instrumentation 
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with his dominant hand. Whenever a surgical event demands dual procedures such as suction with dissection or 
triple procedures such as drilling, irrigation, and suction, the surgeon will face difficulty doing these procedures 
simultaneously with a single hand. Moreover, transcanal endoscopic mastoid procedures usually require an 
average of 4-5 hours to complete the surgery, and holding the endoscope for such a prolonged time could cause 


muscle pain in the arm and shoulder. 


Working in a narrow canal: 
A narrow external auditory canal would make the instrumentation increasingly difficult. Sometimes, the 


collapsed meatus and narrow canal would not permit the transcanal endoscopic mastoid approach as usual. 


Long learning curve: 

Multiple factors are responsible for its long learning curve. The transcanal endoscopic approach is a newly 
developed procedure. Even today, it is not widely practiced. Whenever many surgeons practice a surgical 
technique, various supportive surgical techniques generally emerge to solve its difficulties. A novice surgeon 
usually needs time to become accustomed to working under the indirect vision of a monitor through the limited 


space of the external auditory canal with a single hand. 


How to overcome difficulties: 


Strategies to overcome the single-handed problem: 

Professor Giuseppe Panetti, a renowned endoscopic ear surgeon in Italy, with the collaboration of Spiggle & 
Theis Instrument Company, has developed some endoscopic ear instruments that can perform dual functions at 
the same time. The basic configuration of these middle ear dissection instruments incorporates an additional 
suction channel. These instruments permit the surgeon to do suction and different dissection procedures 


simultaneously with a single hand. 


Alternatively, improvised techniques can also be employed to perform dual functions concurrently with the 
single hand. Few examples of such alternative techniques can be disused here. A small piece of cotton pressed 
at the suction nozzle tip can be used to rub an area and suck out the fluids at a time. This technique can efficiently 
separate the cholesteatoma matrix from the facial canal. During dissecting the outer attic wall, the chorda 
tympani nerve often needs to be held aside by a piece of cotton ball from the dissection area to avoid injury to 
this delicate structure. The bony dissection of the thick posterior canal wall with chisels requires multiple hands 


to work together. In such a situation, the assistant should hold the endoscope or the mallet. 


The policy involving short-timed drilling with burr followed by intermittent irrigation and suction has been 
adopted for the effective transcanal endoscopic dissection of the posterior bony canal wall. In this policy, drilling, 
irrigation, and suction are done one after another by a single hand. Alternative single-handed drilling techniques 
are the "Chop-stick technique" and the "Hydromastoidectomy technique" (19, 20). These techniques were 
discussed in detail in the previous chapter. 


The muscle pain or fatigue of the anterior shoulder usually happens when the surgeon keeps this arm extended 
forwardly while holding the endoscope in the sitting position. To avoid this, the surgeon should sit close to the 
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operating table, ultimately preventing the arm's extended position while holding the endoscope (Figure 30). 
Alternatively, a hand rest can be used to support the endoscope while holding hands to avoid muscle fatigue 
(Figure 31). 


Figure 30: In image A, the surgeon's forwardly extended endoscope-holding hand creates stress in 
his anterior shoulder muscles. The degree of the angle (indicated between blue lines drawn along 
the hand's and trunk's long axis) is proportionate to the muscle stress. After a long hold, this position 
will cause pain or fatigue in the anterior shoulder muscles. In image B, the surgeon's endoscope- 
holding hand remains parallel to the trunk (indicated by a single blue line) after he closes his trunk 
towards the operating table. This hand position avoids stress on the anterior shoulder muscles in the 
sitting position. 


Figure 31: A hand-rest is used to 
support the endoscopic holding hand. 


Some surgeons use an endoscope holder to hold the endoscope, employing two-handed instrumentation in 
endoscopic ear surgery. The author has reservations about using this two-handed procedure in transcanal 
endoscopic ear surgery. In his opinion, using the endoscope holder would not allow the frequent and easy 
movement of the endoscope for applying antifogging agents and focusing on the different parts of the surgical 
field. Moreover, the external auditory canal usually needs more room for two-handed instrumentation. The 
author only recommends this in the endaural endoscopic mastoid approach, as after the endaural incision, the 
meatus can be widened enough to provide ample space for two-handed instrumentation. However, the endaural 
endoscopic mastoid procedure is not a pure transcanal approach. 


60 


Transcanal Endoscopic Mastoid Procedures 


Strategies in the presence of a narrow canal or meatus: 

Canaloplasty may be employed initially to widen the canal and overcome the difficulty of instrumentation in the 
narrow canal. In a collapsed or narrow external meatus, the meatoplastic flaps can be elevated and retracted by 
the Plester-type self-retaining retractor to provide adequate space for instrumentation before starting the 


transcanal dissection. 


Strategies to speed up the learning: 

ENT surgeons who frequently perform different sino-nasal endoscopic procedures would quickly catch up with 
the necessary skills for the transcanal endoscopic mastoid approach since they have already been accustomed to 
working with indirect vision with a single hand. Practicing this endoscopic approach in the cadaver is always 
worth getting oriented to the anatomy of various vital structures confined around the mastoid antrum. Observing 
others’ techniques also enriches practical knowledge. These policies would improve the surgeon’s performance 
and speed up his learning. 


Conclusions: 


Prominent benefits of this transcanal endoscopic mastoid technique are its minimally invasive nature and the 
ease of imaging the mastoid antral portion medial to a low-lying tegmen or anteriorly situated sigmoid sinus. 
This method, however, is not applicable to ears that have atresia in the external auditory canal. The pre-operative 
clinical assessment and the imaging will shape the ultimate surgical strategy. Similar to conventional mastoid 
approaches, transcanal endoscopic mastoid procedures also involve open, closed, and obliteration methods. The 
transcanal exploratory mastoid antral window is an analogue of the postauricular cortical mastoidectomy for 
exploring the mastoid antrum. This transcanal endoscopic method has one obvious inherent difficulty: the single- 


handed procedure. Fortunately, there are several ways to get around this. 
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Brief Illustrations of transcanal mastoid procedures in a right ear 


A. Preliminary preparations 


Right ear attico-antral Cholesteatoma. Trimming of the meatal hair. 


Infiltration of the vasoconstrictor agent. Elevation of the tympanomeatal flap. 


B. Atticotomy 


Exposure of the outer attic wall. Removal of outer attic wall. Removal of the attic cholesteatoma. 
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C. Mastoidectomy 


Initial dissection of the posterior canal wall Probing to navigate the dissection. 
above the tympanomastoid suture line. 


Exposure of the mastoid antral After removal of the antral cholesteatoma. Exenteration of periantral cells and 
cholesteatoma. infected antral mucosae. 


D (I). Small mastoid antrum 


Closed cavity procedure Open cavity procedure 


Reconstruction of the posterior canal wall. Remained open with the attic. 
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D (Il). Large mastoid antrum 


Open cavity procedure 


Elevation of meatoplastic flaps. Retraction and exposure of the 
suprameatal mastoid cortex. 


Dissection of the peripheral mastoid Covering the bony surface of exposed Reposition of all skin flaps. 
cortical bone of the antrum. mastoid antrum with the fascia graft. 


Obliteration of the mastoid antrum 


Filling the antrum with pieces of bone grafts. Reinforcing bone grafts with fascia. 
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Introduction: 


Mastoidectomy surgery has been slowly evolving ever since Jean Louis Petit performed the first well-recorded 
procedure in 1729. For instance, after the first inception of the postauricular approach, it took almost seventy 
years to incorporate a second approach, the endaural approach. The surgeon’s choice and skill are considered 
the main deciding factors during the adoption of a new technique. Sometimes the acceptance of a new method 
in the leading surgical community encourages others to accept it. When a large group of surgeons practice a new 
approach, several observers examine its particulars from multiple angles. Such multi-angle observations would 
ultimately shape the method’s details. Experiences earned through such observations would also support the 
future development of that particular procedure. 


Regretfully, the transcanal endoscopic mastoid method was unable to break the new technique's delayed adoption 
history, even in this incredibly modern day. It may be difficult for surgeons to embrace this new transcanal 
endoscopic mastoid approach for treating mastoid cholesteatoma. The primary cause of this reluctance is the 
single-hand manoeuvre implied by this endoscopic technique, which requires time to get used to. There have 
been very few publications in the medical literature that are comparable to the original report on the exclusive 
transcanal endoscopic mastoid technique that was published more than a decade ago. The author thoroughly 
scrutinises these published articles. This chapter reveals the core features of those publications and compares 
them with the author’s own experience. Even though there were only a few multicenter observations, it is 
anticipated that the knowledge gained from them will serve as a foundation for further research and improvement 


of this innovative endoscopic technique. 
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Scrutiny of the published articles: 


After a thorough search, the present author found six peer-reviewed journal articles and one book chapter by 
various authors mentioning the management of mastoid cholesteatoma purely through the transcanal endoscopic 
approach. Marchioni D et al.’s 2011 publication, “Endoscopic open technique in patients with middle ear 
cholesteatoma,” is the earliest report addressing this issue in the medical literature. Table 1 summarises some 


features of the available publications. 


All published studies used this endoscopic approach only in sclerotic mastoids and discouraged it in well- 
pneumatized mastoids. Additionally, Chen Y et al. and Kakehata S et al. did not recommend this approach in 


the presence of multi-focal antral cholesteatoma or infiltrative cholesteatoma. 


Table 1: List with brief descriptions of the published articles on the transcanal endoscopic mastoid approach. 


Publication name Author(s) Patient’s number Study design Follow-up 
& date & age & duration duration 


Endoscopic open technique in patient Marchioni D 12 patients, Retrospective, Mean 15 months. 
with middle ear cholesteatoma +. et al. Mean age 40 years. 2007-2009. 
2011 


Extension of Indications for Transcanal Kakehata S 13 patients, Prospective, Not found. 
Endoscopic Ear Surgery Using an et al. Age not specified. 2011-2012. 

Ultrasonic Bone Curette for 

Cholesteatomas °. 

2014 


Endoscopic transcanal modified canal- Sajjadi H. 4 adult patients. Prospective, Assumption of a 
wall-down mastoidectomy for 2014 — 2016. maximum of 3 
cholesteatoma ?. years. 
2017 


Endoscopic Inside-Out Mastoidectomy Mehta R 5 patients, Retrospective, Mean 1.7 years. 
with the Ultrasonic Bone Aspirator *. et al. Age range 24 to 58 years. Study time not 
2019 mentioned. 


The Treatment of Cholesteatomas Chen Y 36 patients, Retrospective, Mean 20.4 months. 
Involving the Antrum and Mastoid Using etal. Age range 6 to 64 years. 2016-2017. 

Transcanal Underwater Endoscopic Ear 

Surgery. 

2020 


Transcanal Endoscopic Retrograde Shakya D 24 patients, Prospective, Mean 18.92 
Mastoidectomy for Cholesteatoma: A etal. Age range 16 to 39 years. 2016 — 2018. months. 
Prospective Study 8. 

2021 


Most authors used a rigid endoscope with a shaft diameter of 3 mm. Chen Y et al. and Shakya D et al. used an 
endoscope of 4 mm in diameter. Marchioni D. et al. and Sajjadi H. performed the entire dissection of the posterior 


bony canal wall solely under the supervision of a 45-degree angled endoscope. 


In all studies, the entire procedure was exclusively endoscopic guided and purely through the external auditory 
canal, and the attic cholesteatoma was first addressed before proceeding to the antrum. Marchioni D. et al. 
meticulously described this retrograde dissection. They considered the body of the incus, the lateral semi-circular 
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canal, and the tympanic part of the facial nerve as crucial landmarks for leading the dissection safely from the 
attic to the antrum. According to them, in the presence of the incus, the body and the short process of the incus 
guided the dissection, whereas, in the absence of the incus, the lateral semi-circular canal and the tympanic part 
of the facial nerve appeared as landmarks. 


These authors commonly used drilling with a burr and curette for the bony dissection. On the contrary, Kakehata 
S et al. and Mehta R et al. used the ultrasonic bone curette/aspirator. Most authors dissected the bone as a whole 
with powered tools. On the other hand, Kakehata S et al. and Shakya D et al. preferred to slice out the posterior 
canal wall bone into a thin bone shell with their powered tools; later, the thin bone shell was dissected with a 
conventional curette, thus evading the risk of injuring the delicate structures present behind the canal wall. 
Drilling with burrs involved intermittent irrigation and suction. The dissection was continued until the entire 
antral cholesteatoma came under endoscopic view. Angled instruments were used to excise the cholesteatoma 
completely. After removing the cholesteatoma, the corners of the mastoid antrum were checked for any leftovers. 
However, these studies notably never mentioned the dissection of the mastoid air cells that might be, even in 
small amounts, present in the periantral area of the sclerotic mastoid. The cholesteatoma matrix may infiltrate 
these residual mastoid air cells, emphasising the exenteration of these mastoid cells for securing the complete 


removal of the cholesteatoma. 


The surgery was ended mainly by reconstructing the surgical defect of the posterior canal wall and the scutum. 
They used tragal or conchal composite cartilage grafts for reconstruction. Alternatively, Marchioni D. et al. 
sometimes used mastoid cortical bone grafts. However, in the presence of a significant surgical defect of the 
posterior canal wall, Marchioni D et al. kept the attic and mastoid antrum open as a single cavity without 
meatoplasty. None of the studies mentioned the variation in the cavity’s size. The difficulty may not arise in 
dealing with the small cavity. However, posterior canal wall reconstruction with grafts is always complicated in 
a large mastoid cavity. Even if kept open, it would produce a large open mastoid cavity, requiring meatoplasty 
for adequate aeration. The surgical outcome of all these studies was significantly favourable and encouraging. 
However, all studies suffered from their small sample size and short-term follow-up. 


Experiences of the present author: 


Since 2009, the author has been practicing transcanal endoscopic procedures. From July 2009 to December 2023, 
he dealt with 114 cases of attico-antral cholesteatoma, where he performed various types of transcanal 
endoscopic mastoid procedures. The age range of these patients was 7—62 years. Bilateral attico-antral 


cholesteatoma was present in two patients; in the rest, it was unilateral. 


Two cases had the congenital variety of cholesteatoma involving the tympanic cavity, attic, and mastoid antrum. 
In one, the cholesteatoma extended up to the lateral semi-circular canal, having an encapsulated or closed-type 
morphology. In another, it extended beyond it, having an infiltrative/open-type morphology. One of these 
congenital varieties was presented with facial nerve palsy, and that was entirely recovered after surgery. The 
incus was partly eroded in both cases, but stapes remained mobile. In one case, the head of the malleus was 
removed to clear cholesteatoma from the anterior epitympanic space. In one case, the mastoid was well 


pneumatized; in another, it was sclerotic. 
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The remaining 112 cases were acquired-type cholesteatoma. All of them had extensive attico-antral 
cholesteatoma involving the whole mastoid antrum and were associated with either a perforated or retracted 
tympanic membrane and, in some cases, both. Cholesteatoma extended to the protympanum and anterior 
epitympanic space in 31 cases. It also involved the sinus tympani in 29 cases. In addition, some cases presented 
various cholesteatoma-related extracranial lesions. These were aural polyps in 19 cases, an eroded posterior bony 
canal wall in 3 cases with a CSF leak in 1 case, a fistula of the lateral semi-circular canal in 2 cases, a significant 
defect in the tegmen in 1 case, a minor tegmen defect in 3 cases, and a post-auricular mastoid abscess in 4 cases. 
The mastoid was sclerotic in 107 cases and diploic in 5 cases. Some of these cholesteatoma-related issues are 
shown in Figure 1. At the end of the surgery, mobile stapes were found in 73 cases; in the rest, the footplate of 
the stapes was found fixed. In 31 cases, the malleus head had been removed to clear cholesteatoma from the 


anterior attic/epitympanic space. 


green-coloured arrow shows the eroded posterior canal wall in a left ear. In picture B, a blue-coloured 
arrow shows a CSF fistula in the posterior cranial wall in the right ear. In picture C, a red-coloured 
arrow shows an eroded posterior cranial wall in a right ear axial CT image. In picture D, a black- 
coloured arrow indicates the area of the eroded posterior cranial wall in the right ear. 


Through the exclusive transcanal endoscopic approach, the author initially performed open-cavity 
mastoidectomy in 103 cases, closed-cavity mastoidectomy or canal wall reconstruction in 9 cases, and mastoid 
obliteration in 2 cases. 


At the end of the surgery, the exposed mastoid antrum fell within the small antrum criteria (antrum with minimal 
posterolateral extension) in 58 open cavity cases. A large mastoid antrum with significant posterolateral 
extension was found in 45 cases. Meatoplasty was done in 45 large open cavities and 12 small open cavities with 
narrow meatus. Table 2 shows the distribution of the cases in correlation to cholesteatoma type, extension, 
middle ear ossicular status, mastoid pneumatization, recidivism, and surgical procedures. The cholesteatoma- 
related lesions were also dealt with using the same transcanal endoscopic approach. The fistulas were sealed 
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with a fascia graft. The bony defect of these lesions was patched with a composite cartilage graft. The 
epithelialization of the open mastoid surface was faster in a small cavity. It took an average of 8—12 weeks in 
the small cavity and 12—15 weeks in the large cavity. In 22 cases, after covering the antrum area adjacent to the 
tympanic cavity with a perichondrial graft, except using meatal skin flaps, the present author avoided any 
additional temporal fascia graft for covering the rest of the mastoid antrum. This arrangement left some areas of 
the antrum uncovered. However, postoperatively, in all of these cases, healthy epithelialization was observed, 
eventually covering the entire mastoid antrum without difficulty (Figure 2). This observation reduced the 
necessity of covering the whole mastoid antrum with a large temporal fascia graft and spared the additional 
surgical cut for harvesting it. Figure 3 shows the post-surgical views of the open cavity and mastoid obliteration 
procedures. The mean follow-up period of the cases was 7.3 years, ranging from 0.8 to 13.4 years. The post- 
surgical appearance of closed-cavity procedures is depicted in Figure 4. 


Figure 2: This picture shows the growth 
of the healthy epithelial layer with 
neovascularization (indicated by a blue 
arrow) over the bony surface of a right 
ear mastoid antrum. 


Table 2: Distribution of cases in connection with classifications of cholesteatoma and the surgical approaches. 


ChOLE Congenital (n=2) Acquired (n=112) 
classification | transcanal endoscopic  Transcanalendoscopic | Transcanal endoscopic  Transcanalendoscopic Transcanal endoscopic 
& Recidivism Open cavity Closed cavity Open cavity Closed cavity mastoid obliteration 
Chi 0 0 0 0 0 
Ch 2{a) 0 1 (50%) 0 0 0 
Ch3 1 (50%) 0 102 (91.1%) 8 (7.1%) 2 (1.8%) 
Ch4 0 0 0 0 0 
01 1 (50%) 1 (50%) 17 (15.2%) 1 (0.9%) 0 
02 0 0 21 (18.8%) 3 (2.7%) 0 
03 0 0 25 (22.3%) 4 (3.5%) 0 
04 0 0 39 (34.8%) 0 2 (1.8%) 
L1 1 (50%) 0 7 (6.3%) 0 0 
L2 0 0 0 0 0 
EO 0 1 (50%) 0 0 0 
E1 1 (50%) 0 3 (2.7%) 2 (1.7%) 0 
E2 0 0 99 (88.4%) 6 (6.2%) 2 (1.8%) 
Stage | 0 1 (50%) 0 0 0 
Stage Il 1 (50%) 0 56 (50.0%) 8 (7.1%) 2 (1.8%) 
Stage III 0 0 46 (41.1%) 0 0 
Recidivism 0 1 (16.6%) 1 (16.6%) 4 (66.6 %) 0 
(n=6) 


He also performed the transcanal endoscopic mastoid window procedure in 21 cases where attic cholesteatoma 
raised confusion about its mastoid extension in pre-operative imaging; among them, in 15 cases, attic 
cholesteatoma was found extended to the mastoid antrum. Table 3 shows the types of transcanal endoscopic 
mastoid procedures performed in different age groups. 


72 


Multicentre Experiences 


After the initial surgery, six cases showed recidivism: five in the closed cavity (one congenital case and four 
acquired cases) and one in the open cavity. Four of the closed-cavity recidivism cases had recurrent 
cholesteatoma, and all of them were in the child age group. The rest of the recidivism was not mutually exclusive, 
and all were found in the adult age group, one in closed and another in open cavity mastoidectomy. 


Table 3: The primary or initial transcanal endoscopic mastoid procedural distribution considering the age group. 


Initial Procedures Cases 
Child & Adolescent Adult 
(<18 years) (>18 years) 
Transcanal endoscopic open cavity without meatoplasty (n=46) 9 (19.6%) 37 (80.4%) 
Transcanal endoscopic open cavity with meatoplasty (n=57) 22 (38.6%) 35 (61.4%) 
Transcanal endoscopic closed cavity (n=9) 5 (55.6%) 4 (44.4%) 
Transcanal endoscopic mastoid obliteration (n=2) 0 2 (100%) 
Transcanal endoscopic mastoid window procedure (n=21) 2 (9.5%) 19 (90.5%) 


In one closed-cavity case, recidivism was detected after nine years. In the rest of the cases, it was noticed within 
two years. In revision surgery, all these recidivism cases were dealt with through the transcanal endoscopic 
mastoid approach. The revision surgery transformed five closed-cavity recidivism cases into open cavities under 
general anaesthesia. However, in the open cavity recidivism case, the relapsed cholesteatoma was in the 
retrotympanum, and it could be excised under local anaesthesia. 


Figure 3: This figure shows post-surgical views of the various procedures. Picture A shows the entire 
view of a large left ear mastoid cavity in two frames. Picture B shows a small cavity in the right ear. Picture 
C indicates the obliterated area of a mastoid cavity (OMC) in the left ear. MC = The mastoid cavity. 


Besides recidivism, revision surgery was done in 11 cases to lower the overhang bone and in 9 cases to repair 
the graft failure tympanic membrane. The overhang bone occurred when the dissection was carried out by 
carelessly keeping the endoscope tip near the cavity (Figure 5). Due to this position of the endoscope tip, the 
wide-angled vision of the endoscope gave the false perception of adequate dissection of the marginal bone of 
the cavity. It is necessary to keep the tip of the endoscope at the meatal entrance during the dissection of the 
peripheral bone of the cavity to avoid any leftovers of the marginal bone. Incidence of overhang bone leftover 
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occurred in initial cases. After identifying the deceiving character of the endoscopic wide-angled view, the author 
became alert in subsequent cases. 


Figure 4: The post-surgical appearance 
of a reconstructed posterior canal wall 
(RPW) in the left ear. 


~ 


Figure 5: When the endoscope tip is held just at the mastoid cavity perimeter, it will display the full exposed 
cavity (picture A) but will miss an overhang bone at the periphery. Picture B shows the view of the overhanging 
bone at the periphery of the cavity (blue-coloured dotted area) of the same case, while the endoscope tip is 
kept at the entrance of the external meatus. MC = The mastoid cavity. 


None of the cases developed postoperative sensorineural hearing loss in the audiometry. The author performed 
ossiculoplasty involving the incus interposition or using the Teflon-made prostheses PORP and TORP in cases 
with mobile stapes footplates only. Moreover, he avoided ossiculoplasty in cases with mixed-type hearing loss, 
having a bone conduction PTA of more than 25 dB, with the view that these cases would need hearing aids 
postoperatively for satisfactory hearing. After excluding the fixed footplate and mixed-type hearing loss cases, 
ossiculoplasty was done only in 51 cases. In all cases, the ossiculoplasty was performed during the initial 
endoscopic mastoidectomy procedure. The cases using TORP for ossiculoplasty showed maximum 
postoperative hearing gain. Table 4 shows the types of ossiculoplasty done in those 51 cases and the 
postoperative hearing gain after six months. 


Table 4: Postoperative hearing gain concerning various techniques of ossiculoplasty. 
Postoperative hearing gain 


<5 dB HL 5-10 dB HL >10 dB HL 
Transcanal endoscopic Closed Cavity 
Incus interposition (n=2) (50%) 1 (50%) 
PORP (n=3) 2 (66.7%) (33.3%) 
TORP (n=4) 1 (25%) (75%) 


Transcanal endoscopic Open Cavity 

Incus interposition (n=14) (57.1%) 6 (42.9%) 

PORP (n=15) 11 (73.3%) (26.7%) 
TORP (n=12) 4 (33.3%) (66.7%) 
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The postoperative complications include minimal skin abrasion of the external meatus in a few cases, accidental 
opening of the sigmoid sinus plate in one case, and facial nerve palsy developed after 24 hours of surgery (grade 
4 on the House-Brackmann peripheral facial nerve paralysis scale) in one case. This facial nerve palsy was 
probably due to a thermal injury to the nerve. In all cases, the skin abrasion healed within a week without leaving 
any scars. The iatrogenic opening of the sinus plate was repaired with a composite cartilage graft. Facial nerve 
palsy responded well to steroid therapy (became grade 2). To avoid such an injury, the present author prefers to 


use cold instruments (e.g., a curette, a bone punch) while dissecting near the second genu of the facial nerve. 


The present author's study highlighted some areas in contrast to the studies of others. In most of his cases, he 
faced aggressive cholesteatoma. This cholesteatoma often invades the residual peri-antral cells present in the 
sclerotic mastoid. All these affected peri-antral cells needed to be dissected to secure a residue-free mastoid 
antrum. Moreover, he had to dissect a good amount of residual peri-antral air cells in cases with the diploic-type 
mastoid. Other studies didn't mention such an extensive dissection attitude. Contrary to the other studies, the 
present author had a bad experience with the transcanal endoscopic closed-cavity procedure due to significant 
recidivism. Most of them were in the child-age group. This age group frequently suffers from eustachian tube 
dysfunction and usually has an aggressive cholesteatoma. Notably, he performed more open-cavity procedures 
than closed-cavity procedures. The author had been working at a private hospital. In his community, most of the 
cholesteatoma patients have poor economic conditions. They can hardly bear the cost of the repeated second- 
look surgical procedures or the surveillance MRI, as necessary for close cavity cases, in a private hospital. 
Moreover, the high prevalence of chronic eustachian tube dysfunction in these patients is due to their poor living 
conditions. These were the reasons for choosing more open-cavity procedures. For the first time in transcanal 
endoscopic mastoidectomy, this study described the idea of dividing the exposed mastoid antrum into small and 
large groups and its importance in deciding on meatoplasty. The present author considers the mastoid antrum’s 
size at the end of the surgical procedure and the external meatus's wideness as the two decision-making factors 


for meatoplasty. 


Conclusion: 


Despite a few differences, these multicenter studies yield almost identical observations. These showed that, like 
the traditional mastoidectomy approach, cholesteatoma could be excised entirely from the mastoid antrum 
through this novel transcanal endoscopic approach. At the end of the surgery, this endoscopic approach allows 
the exposed mastoid antrum to be closed, obliterated, or kept open. The author fixes criteria for the small mastoid 
cavity to separate it from the large one. The large mastoid cavity invariably requires meatoplasty for its post- 


surgical toileting. 
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